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This edition differs greatly from the last. Several improve- 
ments, necesaitated by the progress of discovery, have been 
introduced by the author ; and I have specially striven to 
meet the present wants of English students. The language 
has been condensed, the notation and nomenclature have been 
modernized, the arrangement has been aimpli6ed. The con- 
sideration of rare inorganic bodies and of organic bodies has 
been deferred to the latter part of the volume where a section 
hag been devoted to each. Tlie grouping of the mctala has 
been harmonized with the course of analysis. The course of 
analysis has been simplified in description, and the preliminary 
examination has been curtailed. Analytical tables have been 
added at the end, which include the preliminary examination 
and the detection of metals in soluble mixtures. The tables 
constitute merely a skeleton of the method given in the text ; 
they are intended for the use of students who have made 
themselves thoroughly acquainted with the latter. 

All the facts and, except in one or two trivial instances, all 
the processes given in this edition have the authority of 
Preaenius, but the principal changes in the arrangement have 
been made on my own responsibility. 

A.V. 

Seliiwl of Chemistry, 
20, Great Marlborough Street. 
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REAGENTS. 



LIST OF REAGENTS. 



Borax .... 
Microcosmic salt . 
Potassium and sodium 

carbonate . 
Potassium chlorate 
Potassium cyanide 
Potassium nitrate 
Potassium acid sul- 
phate 
Sodium carbonate 



Dry aeagrents. 

Na^BgO, . B2O3 
NaNH^HPO^ 



KCN 
KNO 



3 



KHSO4 
Na^COj 



In powder. 
See p. 5. 



KNaCOj See p. 5. 
KCIO, 



See p. 6. 
In powder* 

See p. 6. 
Commercial, 
drous. 



anhy- 



Wet aeagrents. 



Alcohol 



Ammonium carbonate {NH4)2CO 
Ammonium chloride . 



4/2 
NH^Cl 



NH4HO 



Ammonium hydrate 
(or ammonia) . 

Ammonium molybdate (NH J^MoO^ 



Ammonium oxalate . 
Ammonium sulphide . 
Ammonium acid sul- 
phite .... 
Barium carbonate 
Barhim chloride . 
Barium hydrate . . 



(NHJ.CA 

(NHJ,S 

NH4HSO3 
BaCOj 
BaClg 

BaHA 



Methylated spirit. 

See p. 6. 
Seep. 6. 
1 in 5 of water. See 

p. 7. 

1 sol. amm. sp. gr. 880, 

2 water. 

(sp. gr. 960). See p. 7. 
Dissolved in nitric 

acid. See p. 7. 
1 in 25 of water. 
See p. 7. 

See p. 8. 

See p. 8. 

1 ill 10 of water. 

See p. 8. 
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Calcium hydrate (or 

lime) 
Calcium sulphate • 

Copper sulphate . 
Ferric chloride 
Ferrous sulphate . 



Hydrochloric 
strong . 



• 1 \ 



acid^ 



acid^ 



CaH^Og 
CaSO^ 

CuSO^ 

FeClj 

FeSO^ 



HCl 



Hydrochloric 

dilute .... 

Hydrocyanic acid . 

Hydrofluosilicic acid . 

Hydrosulphuric acid] 
(or sulphuretted hy- [ 
drogen) . . . .J 

Indigo solution 



HCl 

HCN 

H^SiF, 



H,S 



Lead acetate . 
Magnesium sulphate 
Mercuric chloride 
Nessler^s solution . 
Nitric acid, strong 



Nitric acid, dilute 

Nitrohydrochloric acid 
(or aqua regia) . 

Platinum chloride 
Potassium bichromate 
Potassium ferricya- 

nide 

Potassium ferrocya- 

nide 

Potassium hydrate (or 

potash) • • • • 



Pb(C,H30,), 
MgSO, 

Hga, 

K^Hgl^inKHO Seep. 11. 



(Saturated solution. 
I See p. 8. 

Saturated solution. 
See p. 9. 

1 in 10 of water. 

See p. 9. 

Dissolved when re- 
quired. 

Pure, sp. gr. 1*16 (con- 
taining 32 per cent. 
Ha). See p. 9 

1 strong acid, 2 water. 
See p. 9. 
See p. 10. 

[Gas and solution. See 
[ p. 10. 

Indigo dissolved in 
strong sulphuric 
acid and diluted. 

1 in 10 of water. 

1 in 10 of water. 

1 in 20 of water. 



HNO 



3 



HNO 



8 



PtCl, 
KgCrO^ . CrOg 



Pure, sp. gr. 1*45 (con- 
taining 77 per cent. 
HNO3). Seep. 11. 

1 strong acid, 4 water. 
(I strong nitric acid, 4 
strong hydrochloric 
acid. Mixed ists re- 
quired. See p. 11. 

See p. 12. 

1 in 10 of water. 



KgCygFe Dissolved as required. 
K^CygFe 1 in 10 of water. 



KHO 



See p. 12. 
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Potassium nitrite . 


KNO, 


See p. 12. 


Potassium aulphocya 






nide .... 


KCNS 


1 in 10 of water. 


Silver nitrate . . 


AgNO, 


1 iu 20 of water. 


Soda cMoride . . 


N«,0C1. 


See p. 13. 


Sodium acetate . 


N«C,H,6, 


1 in 10 of water. 


Sodium carbonate 


N.,CO, 


See p. 13. 


Sodium phosphate 


Na,HPO, 


1 in 10 of water. 


Sodium sulphide . 


Na,S 


See p. 13. 


Stannous chloride 


SoCl, 


See p. 13. 


Sulphuric acid, strong 


H,SO, 


Commercial, sp. gr, 
l-8i (coutaioing 96 
per cent. H^SOJ. 


Sulphuric acid, dilnt 


H,SO, 


See p. 14. 


Sulphuric acid, pure 


H,SO, 


See p. U. 


Water .... 


H,0 


See p. 15. 


Zinc .... 


Test Papers 


See p. 15. 


Litmus paper . 




See p. 15. 
See p. 15. 


Turmeric paper 









PREPARATION AND TESTING OF REAGENTS. 

I DRY REAGENTS. 

I Kloro cosmic Salt. 

The crystals contain so much water, that it is rather diffi- 
cult to make a bead with them unless they are previously 
dried. It is therefore well to dry some of the salt, and keep 
it fur use. 

On ignition (in the loop of platinum wire), it is converted 
I into metapLosphate of sodium (NaPO,), water and ammonia 
f being given off. 

I Fotaaslam and Sodium Carbonate. 

This consists of carbonate of potassium and carbonate of 
sodiuMj mixed in the proportion of their combiniug weights. 



\ 
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It is preferred to either of the carbonates alone, because it 
fiiseB at a lower temperature. The mixture must be pure. 
It is best made with the acid carbonates, aa these are easily 
obtained pure, and the excess of carbonic acid does not matter. 
Take of 

Acid carbonate of potassium, in crystals ■ 30 grm. 
Acid carbonate of sodium, in crystals . . 17 grm. 
Powder separately, and mis. 

Votasslnm Cyanide. 

Cyanide of potassium is an exceedingly powerful reducing 
agent in the dry way ; indeed it escela in ita action almost all 
other reagents of the same class, and reduces the metals not 
only from their oxides, but also irom their sulphides. The 
reduction is attended in the former case with formation of 
cyaiiale of potassium (KCNO), and in the latter case with 
formation of sulphocyanide of potassium (KCNS). 

PotBBBlnm Aoid Sulphate. 

Take of 

Strong sulphuric acid 49 grm. 

Sulphate of potassium, in crystals ... 87 grm. 
Heat the acid in a porcelain dish till it nearly boils, then 
add the salt gradually. As soon as the fluid is in a state of 
calm fusion, pour it onto a clean stone. 

WET REAGENTS. 



Methylated spirit is sufficiently pure. It contains 10 per 
cent, of wood spirit. If it leaves a solid residue on evaporation, 
it should be distilled. 

Ammonlnm Carbonate. 

Take of 

Carhonate of ammonium, in lumps . . 170 grm. 

Solution of ammonia, sp. gr. 960 . . 300 c.c. 

"Water to 1 litre. 

Put the ingredients into a bottle together, and shake occa- 
sionally till the lumps are dissolved. 



PREFAKATION AND 



The reaction wliich occurs is as follows : — 

2(NHJjCOj.COj + 2NH,HO = 3(NnjX03 + H,0. 



If the solution contaias iron, add ammonia, allow to stand, 
filter, and neutralize exactly with hydrochloric acid. 

The solution should leave no fixed residue on evaporation, 
and give no precipitate or color with sulphide of ammonium. 

Ammonlam Hydrate. 

The solution should he colorless, and leave n6 residue <in 
evaporation. When warmed with au equal volume of lime- 
water, nothing more than a slight turhidity should he pro- 
duced (carbonic acid). When supersaturated with nitric acid, 
no precipitate should be produced either by chloride of barium 
or nitrate of silver. Sulphuretted hydrogen should not give 
the slightest color to it. 

Ammonlam Holybdate. 

Take of 

Molybdate of ammonium ... 10 grm. 
Solution of ammonia, sp. gr, 960 . 40 c,c. 

Strong nitric acid 80 c.c. 

Water 80 c.o. 

Dissolve the salt in the ammonia by the aid of heat ; then 
ponr tbe solution into the nitric acid and water, which have 
been preriously mixed together. 

Auunonliiin Sulphide. 

Take some solution of ammonia (sp. gr. 960), and divide it 
in half. Saturate one half with sulphuretted hydrogen, and 
then add the other half. 

The reactions which take place are as follows : — 
NH^HO -I- H,S =NH,HS -i- H^O 
and NH,HS + NH,H0 = (NH,),S-|-H30. 
The solution, which is at first colorless, soon becomes yellow 
by keeping, from oxidation. The yellow solution deposits 
sulphur on addition of acida. Yellow sulphide of a 
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may be improviaed from the freshly-prepared colorless sulphide 
by addition of sulphur, 

Ammonlimi Acid Sulphite. 

Take charcoal in small pieces, and put it in a flask, add 
eight times its weight of stroug sulphuric acid, and heat the 
mixture. Pass the evolved gaa first tlirough a small empty 
bottle and then into solution of ammonia (sp. gr. 960) till the 
ammonia ceases to take it up. 

Bar lam Carbonate. 

Dissolve chloride of barium in water, boil the solution, and 
add excess of carbonate of ammonium. Wash the precipitate 
by decantation several times, and then on a filter, till the wash- 
ings are free from chlorine. Finally stir the precipitate up 
with water to the consistence of cream. 

On dissolving in hydrochloric add, adding encess of sul- 
phuric acid, evaporating the filtrate and igniting, no residue 
should be left. 

Barlnm Brdrate. 

Take of 

"VVithcrite, in fine powder , 100 grm. 

Lampblack 10 grm, 

Biosin 5 grm. 

Mix intimately together, and put in a crucible, then heat 
in a furnace. Powder, boil in an iron pot with water, filter, and 
allow to stand in a closed vessel. Crystals of BaH^Oj+S aq. 
will form. Drain them in a covered fimuei, and dry between 
blotting paper. Dissolve 1 part of the crystals in 20 parts 
of water, and filter. 

The solution is generally called baryta water. On mixing 
with excess of sulphuric acid, and filtering, the filtrate should 
leave no fixed residue on evaporation. 

Calolum Hydrate. 

Take of 

Lime 10 grm. 

Water 1 litre. 

Put into a bottle together. AMien the lime has slaked 
shake the bottle for two or three minutes. After twelve 
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loura the excess of lime will have subsided, and the solution 
may be drawn off with a syphon. 

The solution is commonly called lime water. It contains 
about 1 part of lime in 700 parts. 

Oalolnm SulphatBi 

Take of 

Gypsum, in powder ... 10 grm. 

Water 1 litre. 

Put into a bottle and shake occasionally for some time. 
Allow the undissolved portion to subside, and decant the clear 
fluid. 

The solution contains about 1 part of the salt iu 400 parts. 

Ferric Chloride. 

Dilute some strong hydrochloric acid with tee parts of 
■water, and warm the mbtture in a flask with an excess of iron 
wire, As soon as the hydrogen ceases to escape, filter, and 
conduct chlorine into the solution with frequent agitation. 
Continue passing the chlorine till a drop of the fluid taken 
out gives no precipitate with fcrricyanide of potassium. Finally 
heat till the excess of chlorine is driven off. 

S^dTooHloTia Add. 

Hydrochloric acid must be eolorleas, and leave no residue 
ion evaporation. If it turns yellow on evaporation, ferric 
'chloride is present. It must uot impart a blue color to a 
solution of iodide of potassium mixed with starch solution 
(chlorine or ferric chloride), nor decolorize indigo -solution 
(chlorine), nor decolorize a fluid made faintly blue with iodide 
of starch (stilphuroua acid). When diluted, it shoidd give no 
precipitate with chloride of barium (sulphuric acid). Hydro- 
sulphuric acid should produce no alteration (arsenic). On 
neutralization with ammonia, and addition of sulphide of am- 
monium, no change should take place (iron, thallium). 

Hydrooyanlc Acid. 

Take of 

Ferrocyanide of potassium .... 150 grm. 

Strong sulphuric acid 50 c,c. 

Water 
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Mil the acid with the water, and allow to cool, then poor 
the mixture on the salt in Inmps contained in a, litre flasL. 
Diatil with a Liebig'a condenBer. Put 50 c.c. of water in thft 
receiver. When 300 c.c. have been obtained, stop the opera* 
tioD. Put two or three drops of dilute sulphuric acid into the 
product, 

HyilrofluoBlllolo Acid. 

Take of 

Sand 100 grm. 

Fluor apar, in powder . , . 100 grm. 
Strong aulphuric acid. . . . 350 c.c. 
Water 400 c.c. 

Wash the sand from dust, and dry thoroughly. Mix it 
with the fluor apar, alao dry, and then with the sulphuric acid 
in a stone-ware bottle of one and a half or two litres capacity. 
Place the battle in an iron pot filled with sand. Connect the 
neck of the bottle with a small empty bottle, and the latter 
again with a wide tube bent twice at right angles. Join the 
outer end of the tube to a funnel by means of Indian rubber, 
and immerse the mouth -of the fiinnel just into the water. 
Towards the end of the process the heat requires to be pretty 
atrong. Fluoride of silicon cornea over, which decomposes 
with the water, forming hydrated silica and hydrofluosilieic 
acid. The hydrate of silica would at once atop up the mouth 
of the delivery tube if it dipped directly in the water. When 
the evolution of gas has ceased, throw the gelatinous paste 
upon a linen cloth, squeeze the fluid through, and afterwards 
filter it. 

Hydrofluosilieic acid must produce no precipitate in solu- 
tions of salts of strontium (aulphuric acid). 

Hydrosulpharlo Add. 



Hydrosulphuric acid is made by the action of dilute sul- 
phuric acid upon sulphide of iron. In large laboratories it 
may be atored in a gaaometer, and supplied like coal gaa. In 
small laboratories it ia made when required, from sulphide of 
iron and dilute sulphuric acid. 

When the apparatus ia done with, the evolution-bottle 
should be washed out, or the ferrous sulphate produced may 
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crystallize in a mass and be difficult to remove. The sulphide 
of iron which remains unacted on should be returned to the 
bottle, as it will do for next time. 

THE SOLUTION. 

The solution ia prepared by conducting the gas into water 
until the latter is saturated. The water may be considered 
to be saturated when, on closing the mouth of the bottle witli 
the thumb, and shaking it a little, a pressure is felt from 
within. 

In contact with air, the solution decomposes gradually, the 
■hydrosulphuric acid being converted into water, sulphur, and a 
[little sulphuric acid. Therefore, if the solution is required to 
-be kept for any length of time, the bottle should he full and 
■well closed. The solution may be kept for months if the 
bottle is inverted in water. 

HeBfller's Solution. 
Take of 

Iodide of potassium . . ., , S'5 grm. 
Mercuric chloride .... 1-6 grm. 

Water 40 c.c. 

Solution of potash .... A sufficiency. 
Dissolve the iodide of potassium in 10 c.c. of water. Dissolve 
ithe raercmic chloride in 30 c.c. of water. Add the latter 
■olution to the former gradually, till a permanent precipitate 
is produced. Then add solution of potash till the fluid measures . 
100 C.C., and filter. 

Hltrlc Add. 

Nitric acid should be colorless and leave no residue on 
evaporation. When diluted with plenty of water, it should 
■give no precipitate with nitrate of silver, or with chloride of 
barium. 

Hltrohydroolilarla Add. 

Nitric acid and hydrochloric acid decompose each other, the 
decomposition mostly resulting, as Gay-Lussac showed, in the 
formation of two compounds, NOCl^ and NOCl, and of free 
chlorine and water. Thus 

HNOj + 3HC1 = NOClg + 01 + ZUp, 
HNO,+3HCl=NOCl+Cl,+aHjO, 
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The presence of free chlorine makes aqna regia the most 
powerful solvent for metals, with the exception of those which 
form insoluble compounds with chlorine. Aqua regia serves 
principally for the solution of gold and platinum, and for the de- 
composition of various sulphides, such as dnuabar, pyr^, &c 

Plattnnni Ohlorlda. 

Weigh out 25 grm. of platinum clippings, and boil them 
with strong nitric acid for some time ; then pour away the 
acid and wash the clippings with a little water. Now digest 
at a gentle heat with 500 c.c. of aqua regia, adding more aqua 
regia if necessary, imtil the m^^ is dissolved. Transfer the 
solution to a poi'cclain dish, and evaporate on the water bath 
to the consistence of syrup; add some strong hydrochloric 
acid, mix, and evaporate again. The addition of hydrochloric 
acid and second evaporation are to remove nitric add. Lastly, 
dissolve in water to 500 c.c. 

Platinum residues may be worked up as follows : — Evaporate 
altogether to dryness, ignite in an open clay crucible, to de- 
compose the double salts and bum off organic matter, boil 
with hydrochloric acid, then with water, then with nitric acidj^ 
and wash with water. The pure platinum thus obtained is 
treated as above. 

Chloride of platinum, when evaporated to dryness on a water 
bath, should leave a residue completely soluble in alcohol. 

PotasBlum BydratOt 

Take of 

Potash 200 grm. 

Water to 1 litre. 

Dissolve. Allow to settle, and draw off the clear fluid. 

The potash of commerce is generally impure. Where a pure 
caustic alkali is required, the soda prepared from sodium seems 
to recommend itself. 

PotasBlam Nitrite. 

In an iron pan fuse 1 part of nitre, add 2 parts of lead, 
and keep stirred with an iron rod. Even at a low red heat 
the lead becomes for the most part oxidized and converted into 
a yellow powder. To oxidize the remainder, the heat is in- 
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lased to visible redness, and maintained at that point for 

lalf an hour. Allow to cool, treat with cold water, filter and 

18 carhonie acid throuffh the filtrate. This precipitates almost 

: whole of the lead in solution, the remainder is removed with 

phuretted hydrogen. Evaporate the clear fluid to dryness, 

ally with stirring, and fuse in order to destroy any hyposul- 

thite of potassium. Dissolve 1 part in 2 parts of water, and 

eutralize cautiously with acetic acid. 

Soda Clilorlde. 
Take of 

Chloride of lime 100 grm. 

Water I litre. 

Solution of commercial carbonate ofl , „ . 

(■A sumciency. 
aodmm ) ^ 

Put the chloride of lime into a bottle with the water, and 

ligest for three hours, shaking several times. Allow to stand, 

iraw off the clear solution from the undissolved residue, and 

idd carbonate of sodium till it ceases to produce a precipitate — 

this may be known by filtering a small quantity, and testing 

the filtrate with carbonate of sodium. Finally, allow to settle, 

'and draw off the clear fluid for use. 

Sodium Carbonate: 

Dissolve 1 part of the anhydrous salt, or 2J parts of the 
crystals, in 7 parts of water. 

The solution, after acidification with nitric acid, should give 
no precipitate with chloride of barium or nitrate of silver. 

Sodium Snlphldfl. 

Take some solution of soda (hydrate of sodium) and divide it 
■in half. Satujate one half with sulphuretted hydrogen and 
add the other half. 

Stannous Clilorlde. 

Take 50 grm. granulated tin,* and dissolve it by digesting 
vith strong hydrochloric acid in, a flask. Mix the solution 

• Made by melting grain tiu in a porcelaia diah, and pouring it into 
cold water. 
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with dilute hydrochloric acid till it measiires 1 litrej and keep 
it in a bottle with some pieces of tin. 
This solution is liable to oxidation. 



Snlpburlo Add Dilate. 

Take of 

Strong sulphuric acid. . . , 300 c.c. 

Water 1 litre. 

Add the acid to the water with stirring. Allow the sul- 
phate of lead to settle, and decant. 

Sulpborlc Aold Pnre. 

Take of 

Strong sulphuric acid 1000 gnn, 

Sulphate of ammonium 3 gnu. 

Biuoxide of maugaueae, in powder . 5 grm. 

Put the acid in a porcelain dish, add the sulphate of ammo- 
nium, and heat till copious fumes of sulphuric acid escape. 
This is done to destroy any oxides of nitrogen. After cooling, 
add the mangauese, and heat to boiling with stirring, in order 
to convert any arsenious acid into arsenic acid. When cool, 
pour off the clear fluid into a retort of a litre capacity, and 
distil. The iieck of the retort must reach so far into the 
receiver that the distillate may drop directly into its body. 
The receiver should not be cooled with water. To prevent 
the neck of the retort from touching the receiver, some long 
asbestos may be used. When about 10 c.e. have been drawn 
over, change the receiver, and distil off three-fourths of the 
contents of the retort. This method depends upon the fiurt i 
that sulphuric acid containing arsenic in the form of arsenic" 
acid, yields an arsenic-free distillate. 

Pure sulphuric acid should leave no residue upon evaporatiood 
When solution of ferrous sulphate is poured upon it in 
tube, no color should mark the plane of contact of the twt 
fluids (nitric acid, peroside of nitrogen). When diluted v 
twenty parts of water, it must not impart a blue tint to a solu-I 
tion of iodide of potassium mixed with a solution of starcl 
(peroxide of nitrogen). Mixed with arsenic-free zii 
water, it must yield hydrogen gas, which, on being passed 
through a red-hot tube, must not deposit a trace of oraenioj 
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When hydrochloric acid is added to it in a test tube, no tur- 
bidity should mark the plane of contact (lead). 



A copper still and tin worm should be used. About three- 
fourths of the TFater should be drawn over. 

Zlno, Orannlated. 

Melt scraps of zinc, and pour in a thin stream into a pail 
of cold water. 

The zinc used in testing for arsenic must of course be free 
from that metal. Zinc which contains arsenic must be abso- 
lutely rejected for this purpose, as it cannot be purified by 
any known practical process. 

TEST PAPERS. 

The paper shoiUd be prepared as below, and cut into slips 
of 1 by 5 cm. 

Kltmns Paper. 

Digest 20 grm. litmu.s, with 100 c.c. water for some days, 
shaking occasionally; then filter. To the filtrate add slight 
excess of nitric acid and boil ; then neutralize exactly with 
potash. Now make a weak solution of gelatine by boiling 
II part of isinglass with 50 parts of water, draw white blotting 
taper through this and hang it up to dry. "When dry, paint 
side with the above solution of litmus. 
This paper has a neutral tint, and is very delicate. 

Turmeric Paper. 

Digest one part of bruised turmeric at a gentle heat, with 
B6 parts of a mixture of equal parts of spirit and water. Filter, 
and paint white siaed paper on one side with this tincture. 
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LIST OF APPARATUS. 

Basket for test-tubes. 
Beakers. 
BerUn crucibles. 
Berlin dishes. 
Blowpipe. 

Boiling tubes (large test-tubes, 8 by 1 inch). 
Bunsen lamp. 
Charcoal. 
Corks. 

Crucible tongs. 
Files, rat-tail and triangular. 
Filters, cut, 2, 3J, 4J, 5J inches diameter. 
Filter-stand. 

Funnels, 1, 2, 2 J, 3 inches diameter. 
Glass rods. 

Glass tubing, soft and hard. 
Pestle and mortar, porcelain. 
Platinum crucible and cover. 
Platinum wires fixed in glass tubes. 
Sulphuretted hydrogen apparatus. 
Test-tubes. 

Test-tube holder, wooden. 
Test-tube stand. 
Tobacco-pipe triangles. 
Triangular tripod. 
Vulcanite spatula (7 inches long). 
Vulcanized tubing. 
Wash-bottle. 
Watch-glasses. 

Water bath, copper. Hemispherical, 7 inches diameter 
across the top, with set of rings. 

Wire gauze, iron,* 6 inches square, 6 holes in inch linear. 

* This is laid on the top of the tripod, and serves to support beakers, 
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Agate mortar. 

Piatiuum spatula. 

Steel mortar. 

The last three are unnecessary far beginners. 



MANIPULATION. 
The Blowpipe. 

In testing substances before tlic blowpipe we use ignition 
tubes, charcoal, and platinum wire. 

The ignition tubes* are made by cutting some hard glass 
tubing of 5 mm- bore into lengths of 13 cm., drawing them 
out in the middle and sealing them. Each length tlms makes 
two tubes sealed at one end. 

The charcoal should be free from flssuies. It should be 
sawn into pieces about 10 cm, long, and these again should 
be sawn in half longitudinally. Before use a small semi- 
cylindrical cavity should be scooped out with a knife on the 
flat side at one end. Minute metallic globules are best de- 
tected by cutting out the part where they are, pounding it in 
a mortar, and washing repeatedly by decautation. The metal 
being heavy will finally remain by itself. 

Platinum wire should not be too thin or it will soon break, 
it should be cut into lengths of 5 cm. and fused into pieces of 
glass tube a little longer. Borax and microcosmic beads are 
le by bending the end of the wire into a loop, igniting it, 
dipping it in the salt, and igniting again till a clear bead is 
obtained. Tliis is then dipped in the substance to be tested. Old 
beads are loosened by igniting and dipping in cold water, after 
■which they can readily be removed by the fingers. In testing 
the coloring action of a substance on flame, a clean platinum wire 
is dipped into it, and then held in the blowpipe (or Bunsen) flame ; 
sometimes the substance is moistened with strong hydrochloric 
acid to increase its coloring effect. Piatiuum wire may be cleaned 
by being dipped red hot into strong hydrocbloric acid repeatedly. 

jAg.i during heating. It doee not prnfed the vessels much, and if the flaone 
Eb hwh at firet, gl^B is apt to crack. A safer support consists of the so- 
tellKl gauzB-plate, which is made by backing a piece of wire-gauze with 

wa plate. The piece of tin' should be a little larger than the piece of gauze. 

lo that ita edges may lie turned o^er to connect the two. 
• Ignition signifies heating to redness. An ignition tube is a tube for 

lea^g subsbinces to rednesd in. 
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For operations which last some time, Herapath's b1oi 
is convenient. For fusions in crucibles and glass working, 
may use a large Herapath with bellows worked by the foot. 

Powdeting-. 

A porcelain mortar is generally used for this purpose. Very 
hard minerals must be broken up with a hammer, then reduced 
to a coarse powder in a steel crushing mortar, and fiualjy 
rubbed down in an agate mortar. In powdering minerals, a 
little sieve made of a piece of muslin and a chip box with 
both the ends pushed out will be found of service. 

Precipitation. 

Precipitation signifies the sudden reduction of a dissolved 
body to the solid state, no matter whether it sinks to the 
bottom or rises to the top, or remains suspended in the fluid. 
The solid body separated is called the precipitate, and the 
substance which acts as the immediate cause of separation is 
called the precipitant. The terms turbid and cloudy are 
employed to designate the state of a fluid which contains a 
precipitate so finely divided and so inconsiderable in amount, 
that the suspended particles although impairing the trans- 
parency of the fluid yet cannot bo clearly distinguished. 

Separation of Precipitates from riolda. 

Under this head we have the following operations : — PiltrS 
tion, Deeantation, Washing. 

Filtration. 

Filtration in the passing of a liquid through a 
stance, or filter. 

The filter consists of a properly folded piece of filter ■ 
which is placed in a funnel. The paper should be cut into i 
circle, then folded into a quadrant and opened into a eon^ 
The fiinnel either rests in a test-tube or wide-monthed t 

* A few eight-oimce white roimd bottles will be found usefal forfilteri 
larger quantities of fluid, or for supporting a filter during the washi 
a precipitate. They are cheaper and leas fragilo thaii beakers. Of « 
the7 are of no use tor boiling. 
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or is supported in a filter-stand. The funnel should be of 
Buch a shape that the paper may fit closely to its sides. The 
filtered fluid is called the filtrate. If the filtrate is at firat 
turbid it is returned to the filter. 

Note on filters. — Round filter papers can be bought already 
cut, or may be made at home from fine white blotting paper with 
the aid of Mohr's filter pat- * f,a. i. 

terns {fig. 1.) This little ap- 
|iaratus is made of tin plate, 
and consists of two parts, b 
quadrant fitting in a, 
whose straight edges are 
turned up, and which is 
slightly larger than b. The sheets of filter paper are first 
cut up into squares, which are folded in quarters and placed in 
A J then B is placed ou the top, and the free edge of the paper 
t off with scissors. Three pairs of these patterns may 
ijle procured of 48, 58, and 68 mm. radius respectively. 

If filtering paper is to be used for very delicate analysis it 
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a bottle witli the bottom out ; a and b are glass plates j betw 
these lie the filters which Lave been previously cut and folded 
The bottle is filled with dilute hydrochloric acid, in which tin 
filters are allowed to soak for twelve hours ; the acid is thejl 
run oflf and replaced by water. After an hour this is replacec 
by fresh water, and so ou till the washings are barely acid, 
The washing ia finished with distilled water ; it is continued 
until the washings arc no longer reudered turbid by nitrate d 
silver. Finally, the filters are drained, turned out onto blottti^ 
paper, and dried iu a sieve in a warm place. 

When we merely waut to wash two or three filters, we plaCd 
them in a funnel, as in filtering, one iuside the other, moisten. 
them with dilute hydrochloric or nitric acid, and then wash 
them. 

Deoantation. 

Decantatioa is the pouring of a fluid from one 
another. It is used instead of filtration sometimes, when the 
precipitate readily falls to the bottom. 

Occasionally we pour off a supernatant fluid, which is noi 
quite clear, through a filter, thus combining decantation with 
filtration. 

VaBhln;, 

To complete the separation of a precipitate from extraneous. 
soluble matter, the fluid adhering has generally to be was! 
out. Tlie washing of precipitates collected on a filter, is usuallj 
efl'ected by the aid of the familiar washing-bottle. 

In washing a precipitate, we allow the bulk of the fluid 
drain out before adding fresh water. If the bottle is used foi 
boiling water, the neck may be covered with several folds o1 
flannel bound with string. 

A precipitate is sometimes washed by decantation. Th4 
supernatant fluid is poured ofi", the precipitate shaken up witit 
fresh water, allowed to settle again, aud so on. 

If we have to wash a precipitate completely, the washings; 
must be tested to see when they are free from the substance 
which we are washing out. This may often be doue by evapo- 
rating a drop on a platinum kuife, or by mising a few dropa 
with a drop of nitrate of silver on. a watch-glass, &e. 
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Drying' of Precipitates. 
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Tlie greater portion of water adhering to a precipitate that 
,s been collected on a filter may be removed by taking the 
filter out of the fiinnel and pressing it between blotting-papei', 
at first lightly, then heavily, changing the blotting-paper. A 
hot brick will also be found useful to spread out the filter 
upon. Another way is to place the funnel containing the 
precipitate in a hollow truncated cone of tin or zinCj and to 
support the latter on a wire gauze over the Buuseu lamp 
turned very low.* 

Inolne ration of Filters. 

When a small precipitate has to be examined for a fixed 
metal, it is frequently convenient to incinerate the filter con- 
taining it. This is done by drying the filter, rolling it up, 
inclosing it in two or three coils of platinum wire, and holding 
it in the Bunsen flame. The lamp should be held sideways, 
and a watch-gla-ss or dish should be placed under the burning 
filter to catch the ash, 

Dlalrsla. 

By means of this operation, we can aepaiate the class of 
Crystalloids from that of colloids when they are in solution 
together. To the former class belong all cry stall izable bodies ; 
to the latter, all non-crystallizahle bodies, such as gelatin, 
gum, caramel, tannin, albumen. Sic, This operation is often 
of considerable service in chemico-legal investigations. 

The dialyaer is prepared as follows ; — take a disk of parch- 
ment paper 30-35 cm. in diameter, wet it, and spread it over 
'a gutta-percha hoop 5 cm. deep, and 20—25 cm, in diameter; 
then slip another hoop over, or bind the paper in some other 
way (it should not be too firmly secured). The paper must 
not be porous. Its soundness may be tested by sponging the 
upper side with water, and observing whether wet spots show 



• Under these circamatanoes the flame ia liable to descend. This may 
be obviated b; laying a pieue of coarse wire gauze an inch square on the 
^p of the lamp. 
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oa the other side. Defects may be remedied by applj 
liquid albumen^ and then coagulating it by heat. 

The dialyser being thus prepared^ the liquid to be dial} 
is poured into it so as to cover the paper to a depth of 
more than 12 mm. The apparatus is then floated in a 
containing about fgur times as much water as the fluid to 
dialysed amounts to. After twenty-four hours^ half or 
fourths of the crystalloids will be found in the external waterj 
while the colloids remain in the dialyser — at most only 
pass into the external fluid. By floating the dialyser su( 
sively on fresh supplies of water^ the whole of the crystalloidi] 
may finally be removed. 

Bvaporation. 

Evaporation signifies the conversion of a liquid into vapor. 
The process is usually conducted in a porcelain dish^ which is 
heated either directly over the flame or on a water-bath, 
according to circumstances. 

Note, — Porcelain and glass are slightly attacked by the 
protracted action of fluids at high temperatures. Evaporating 
liquids are therefore more or less contaminated by the con- 
stituents of the vessels, which in delicate analyses becomes an 
annoyance. For details on this subject I refer to the ^^ Quan- 
titative Analysis.^^ However, it may be taken as a rule that 
alkaline fluids should never be evaporated in glass. 

Platinum Crucibles. 

The following substances must not be put into platinum 
crucibles — ^viz., nitrates, hydrates, and cyanides of potassium 
and sodium, metals, sulphides, readily reducible metallic oxides, 
organic salts of heavy metals, phosphates in presence of organic 
compounds. 

Platinum crucibles may be cleane^d by rubbing them with a 
little moistened pumice powder."*^ The platinum must not be 
rubbed too much with this material, as it removes the metaL 
If the stain still remains, fuse some acid sulphate of potassium 
in the crucible for some minutes at a moderate temperature. 

* This is also useful for cleaning porcelain and glass from dirt which is 
not readily removable by acids. 
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REACTIONS OF THE METALS. 



DIVISION OF THE METALS INTO GROUPS. 

h to a solution containing all the common metals we add 
hydrochloric acid, silver, monad mercury, and lead are 
precipitated. 

On filtering and passing sulphuretted hydrogen through 
the fluid, . dyad mercury, bismuth, copper, cadmium, tin, 
antimony, and arsenic are precipitated. 

On filtering again and adding chloride of ammonium to 
prevent the precipitation of the magnesium, ammonia to 
neutralize the excess of hydrochloric acid, and lastly, sulphide 
of ammonium, nickel, cobalt, iron, manganese, zinc, chromium, 
and aluminium are precipitated. 

On filtering again and adding carbonate of ammonium, 
barium, strontium, and calcium are precipitated. 

The filtrate from the last precipitate contains the rest of 
the metals — viz., magnesium, potassium, sodium, and 
ammonium. 

On these facts the division of the metals into groups is based 
as follows : — 

Group I. 

metals fbecifttated by hydrochloric acid 

(as chlorides). 

Silver. 

Monad mercury. 

Lead. 
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Gboup II. 

METALS NOT PRECIPITATED IN PREVIOUS GROUP, BUT THROWN 
DOWN BY HYDROSULPHURIC ACID IN PRESENCE OF A MODE- 
RATE EXCESS OF HYDROCHLORIC ACID (aS SULPHIDES). 

Division I. 

The sulphides insoluble in sulphide of ammonium. 

Dyad mercury. 
Bismuth. 
Copper. 
Cadmium. 

Division II. 

The sulphides soluble in sulphide of ammonium. 

Tin. 

Antimony. 

Arsenic. 

Group III, 

METALS NOT PRECIPITATED IN PREVIOUS GROUPS, BUT THROWN 
DOWN BY AMMONIA AND SULPHIDE OF AMMONIUM IN PRE- 
SENCE OF CHLORIDE OF AMMONIUM. 



(As sulphides.) H 



(As hydrates.) 



rNickel. 

Cobalt. 

Iron. 

Manganese. 

^Zinc. 

(Chromium. 

Aluminium. 



Group IV. 

METALS NOT PRECIPITATED IN PREVIOUS GROUPS, BUT THROWN 
DOWN BY CARBONATE OF AMMONIUM IN PRESENCE OF 
CHLORIDE OF AMMONIUM (aS CARBONATES). 

Saiium. ^ 

Strontium. 

Calcium. 
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Group V. 

METALS NOT PEECIPITATED IN FaSVlUUS oaoDPS. 

Magnesium. 
Potassium. 
Sodium. 
Ammuuium. 



THE REACTIONS OF THE METALS. 
Group I. 

SILVER, MONAD MERCURY, LEAD. 
Silver. 

DRY REACTION, 

1. Miscd with carbonate of sodium and heated on char- 
eoal before the blowpipe ; compounds of silver give white 
brilliant malleable metallic globules. 

WET REACTIONS, 

3. Hydrochloric acid* produces a white curdy precipitate 
f chloride of silver (AgCl). In very dilute solutions this re- 
agent simply causes a bluish-white opalescence at first ; but 
■fter long-standing the chloride eolleets at the bottom of the 
1. By the action of light the chloride first acquires a 
Tiolet coloTj and ultimately turns black — these changes are 
accompanied by loss of chlorine. Chloride of silver is in- 
nluble in nitric acidj but dissolves readily in ammonia — on 
addition of an acid to this solution the chloride of silver re- 
precipitatcs. Concentrated hydrochloric acid and concentrated 
solutions of potassium and sodium chlorides, dissolve chloride 
F silver to a very perceptible extent, more particularly when 
heated; but the dissolved chloride separates again on dilution. 
Upon exposure to heat chloride of silver fuses without decom- 
position, giving upon cooling a transparent horny mass. 

* Aa a teat we use the dilate acid. 
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3. Hydromfphuric acid* precipitates black siilphide of silver 
{AgjS), which is iiiBoluble in diliite acids, alkalies, alkaline 
sulphides, and cyanide of potassium. Boiling iiitric acid dis- 
solves this precipitate readily, with separation of sulphur. 

4. Svlphide of ammonium produces the same precipitate. 

5. Potash precipitates oxide of silver (AgjO) as a greyish 
brown powder, insoluble in excess of the precipitant, soluble 
in ammonia. 

6. Ammonia, added in small quantity to neutral Bolutiona, 
throws down the oxide, which readily dissolves in excess of the 
precipitant, 

BXonad Meroury. 

DRY BEACTIONB. 

1. The compounds volatilize when heated in an igtdtion 
tube. 

2. If a mixture of an anhydrous compound of mercury an4 
dry carbonate of sodtumf is introduced into an ignition tube, 
covered with a little dry carbonate of sodium, and then heated 
m the blowpipe flame, the mercury sublimes, forming a grey 
ring, Tlie bottom of the tube may be broken ofi' by the aid 
of a file, and then the sublimate may be united into distinct 
globules by rubbing. 

WET BEACTrONS. 

3. Hydrochloric acid precipitates mercuroua chloridq 
(HgCl) as a fine white powder. Cold hydrochloric acid and 
cold nitric acid fail to dissolve the precipitate ; it dissolves, 
however, upon long- continued boiling with these acids, but 
only with difficulty, being converted by the former into mer-. 
curie chloride and metaUic mercury, which separates, and by 
the latter into mercuric chloride and mercuric nitrate. Aqua 
regia and chlorine- water dissolve the mercuroua chloride 
readily, converting it into mercuric chloride. Ammonia and. 
jiotasb decompose mercuroua chloride, the former transforms 
it into NHjHg^Cl, and the latter into mercurous oxide. 

4. Hydrosulphuric acid produces a black precipitate of 

• Ab a teat we generally vee the solution. 
t The carbonate of sodium muBt be thoroughly dried b; 
broken piece of poroehun. 
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lercuTOTis snlpMde (Hg^S), wliich ia insoluble in dilute acids, 
iraiphide of ammoniunij and cyanide of potassium. Sulpbide 
bf sodium (Na^S) iu presence of caustic soda, dissolves this 
|irecipitate with separation of metallic mercury ; sulphide of 
idium containing escesa of sulphur dissolves it without sepa- 
ktioQ of metallic mercury ; the solutions contain mercuric 
talphide. When boiled with concentrated nitric acid, mcr- 
^nroos sulphide gives up part of its mercury, and a white 
Eompound [Hg{NOg), + :iHgS] is formed. Mereurous sul- 
phide is readily dissolved by aqua rcgia. 

Sulphide of ammoniam produces the same precipitate. 
Potash produces a black precipitate of mereurous oxide 
l(Hg20), insoluble in excess of the precipitant. 

7. Ammonia produces a black precipitate of a complicated 
Bomposition, insoluble in excess of the precipitant. 

8. If a drop of a mereurous solution is put on a clean 
,te of copper, and washed off after some time, a spot will be 
iduced which, on being gently rubbed, will appear bright 
1 shining like silver. The application of a gentle heat to 

tiie copper causes the mercury to volatilize, and thus removes 
flie silvering. 

Stannous chloride produces a grey precipitate of metallic 
Jnercury. By decanting the supernatant fluid and boiling the 
^posit with by d roc hi one acid, distinct globules will be 
obtained. 

IiOada 

DBY REACTION, 

Mixed with carbonate of sodium, and heated on 
tharcoal before the blowpipe, compounds of lead give mal- 
leable metallic globules. 

WET REACTtOCfS. 

Hydrochloric acid produces in somewhat strong solu- 
lioDS a heavy white precipitate of chloride of lead (PbClj), 
soluble in a large amount of water, especially when heated. 
'The chloride of lead ia converted by ammonia into a basic salt 
(PbClj.aPbO-l-HgO), also a white powder, but almost abso- 
lutely insoluble iu water. In dilute nitric and hydrochloric 
:acids, chloride of lead is more difficultly soluble than iu water. 

Hydrosulphuric add produces a black precipitate of 
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sulphide of lead (PbS), which is insoluble in cold dilute acids, 
alkalies^ alkaline sulphides^ and cyanide of potassium. It is 
decomposed by hot nitric acid. If the acid is dilute the whole 
of the lead is obtained in solution as nitrate, and sulphur 
separates ; if the acid is fuming^ the sulphide of lead is con- 
verted completely into sulphate (insoluble). In solutions 
containing a large quantity of free hydrochloric acid, hydros 
sulphuric acid sometimes produces a red precipitate ; this con- 
sists of chloride and sulphide of lead ; it is converted into the 
black sulphide by excess of hydrosulphuric acid. 

4. Sulphide of ammonium produces the same precipitate. 

5. Potash throws down a white precipitate of basic salt, 
which is soluble in excess of the precipitant. 

6. Ammonia throws down a white precipitate of basic salt, 
which is insoluble in excess of the precipitant. If the am- 
monia is free from carbonic acid a precipitate is not at once pro- 
duced in acetate of lead, owing to the formation of a soluble 
basic acetate. 

7. Carbonate of sodium produces a white precipitate of 
basic carbonate of lead {e,g, 6PbC0g . PbHgOg) which is not 
quite insoluble in excess of the precipitant, especially on warm- 
ing, but is insoluble in cyanide of potassium. 

8. Sulphuric acid produces a white precipitate of sulphate 
of lead (PbSOJ, nearly insoluble in water and dilute acids. 
IVom dilute solutions, especially from such as contain much 
free acid, the sulphate of lead may not precipitate until after 
a long time. It is advisable to add a considerable excess of 
dilute sulphuric acid, sulphate of lead being more insoluble in 
dilute sulphuric acid than in water. The separation of small* 
quantities of sulphate of lead is best eflfiected by evaporating, 
after the addition of the sulphuric acid, on a water-bath, and 
then treating the residue with spirit of wine. Sulphate of 
lead is slightly soluble in strong nitric acid ; it dissolves with 
some difficulty in boiling strong hydrochloric acid, more readily 
in potash. It dissolves also pretty readily in the s(5lutions of 
some of the salts of ammonium, particularly in acetate of 
ammonium ; dilute sulphuric acid reprecipitates it from these 
solutions. 

9. Bichromate of potassium produces a yellow precipitate 
of chromate of lead (PbCrOJ, readily soluble in potash, diffi- 
cultly soluble in dilute nitric acid. 
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Gnout II. Division I. 

DYAD MEBCURY. BISMUTH. COPPER. CADMIUM. 

Dyad Meranrj, 

DRY KE ACTIONS, 

The same as those of monad mercury. 

WET BEACTIONS. 

1. HydrositJphuric acid if added in small quantity jiro- 
duees, after shaking, a perfectly white precipitate, a larger 
quantity causes the precipitate to turn yellow, and an excess 
produces a black precipitate of mercuric sulpliide (HgS). 
This peculiarity is characteristic of naercuric solutions. The 
fphite precipitate consists of merciiric sulphide, with the unde- 

jomposed salt; as more sulphide ia formed ao the color of 
the precipitate deepens. Sulphide of ammonium only dia- 
Bolves traces of mercuric sulphide, the least mercury is 
diaaolved when the sulphide is digested hot with yellow sul- 
phide of ammonium. Potash aud cyanide of potassium do not 
dissolve mercuric sulphide. It is altogether insoluble in hydro- 
iCfaloric acid and in nitric acid, even upon boding. It dissolves 
■completely in sulphide of sodium in presence of soda; it is 
'readily dissolved by atjua regia, 

2. Sulphide of ammonium, acta in the same way. 

3. Potash added in esccsa produces a yellow precipitate of 
imercuric oside (HgO), insoluble in excess of the precipitant. 

. very acid solutions the precipitation is far from complete. 
tn presence of salts of ammonium, a white precipitate, similar 
to that produced by ammonia aloncj is thrown down. 

4. Ammonia produces a white precipitate. In the case of 
mercuric chloride this consists of N^H^HgrjCl^. 

5. Metallic copper reacts with mercuric salts in the same 
way as with raercurous salts. 

If a little galvanic element, made out of a slip of pla- 
tinum foil and a slip of tin foil, joined at one end with a 
■wooden clamp and otherwise apart from each other, is intrn 
duced into a mercuric solution, acidified with hydrochloric acid, 
all the mercury will gradually be precipitated by preference 
npon the platinum. On removing the foils, drying and heating 
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strongly in an ignition tube, globules of mercury will be ob- 
tained, which may be more distinctly seen under the micro- 
scope. On heating this mercury with a fragment of iodine, 
it will be converted into red mercuric iodide. 

7. Stannovs chloride added in small quantity to a mercurie 
solution containing hydrochloric acid, jiroducea a white pre- 
cipitate of mercurous cbloride, which turns grey on addition 
of excess of the reagent, being converted into metallic mer- 
cury. "When the grey precipitate has subsided, the super- 
natant fluid may be poured off, and the residue boiled with 
hydrochloric acid and a little stannous chloride, in order to 
obtain the mercury in the form of visible globules. 

BlBiaiitlii 

nRV REACTION. 

1. Compounds of bismuth mixed with carbonate of sodium 
and heated on charcoal in the inner flame of the blowpipe, 
yield brittle metallic globules. 

WET REACTIONS. 

2. Hydromlphuric acid produces a black precipii^ie 
sulphide of bismuth (fii^S^), ivhich is insoluble in dilute acidBj 
alkalies, alkaline sulphides, and cyanide of potassium, hut *■ 
readily dissolved by boiling nitric acid. 

3. Sulphide of ammomum produces the same precipitate. 

4. Potash throws down hydrate of bismuth, as a white 
precipitate insoluble in excess of the precipitant. 

5. Ammonia throws down the same precipitate, also 
soluble in excess of the precipitant. 

6. Carbonate of ammonium throws down a basic eu'bonatc 
of the composition Bi^O^ . CO^, as a white hulty precipitattSi 
insoluble in excess of the precipitant and also in cyanide c 
potassium. 

7. Bichromate of potassium precipitates a chromate of bis 
muth (BijOj . SCrOj) as a yellow powder. Tliis substancq 
differs from chromate of lead in being readily soluble in dilute 
nitric acid and insoluble in potash. 

8. Dilute sulphuric acid fails to precipitate solutions of 
bismuth. On evaporating with an excess of suiphuric acid on 
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the water-bath to dryuess, a white saliiie mass is left, which 
readily dissolves in water acidified with sulphuric acid. After 
atanding, perhaps, for several days, a basic sulphate of bismuth 
(BijOg . SOj + 2aq.) separates from this solutiou iu white micro- 
scopic needles, which are soluble in nitric acid. 

Wate-r precipitates basic salts if there is not too much 
free acid present. This reaction is the most sensitive with the 
chloride of bismuth, as the basic chloride (BiClj . BijOj) is 
almost absolutely insoluble in water. Hence when water fails 
to precipitate a nitric acid solution of bismuth from the prc- 
e of too much free acid, a precipitate will generally appear 
immediately upon addition of chloride of ammonium. Presence 
of tartaric acid does not interfere with the prccipitatiou of 
solutions of bismuth by water. 



If copper, either in the metallic state or in combination, 
is held in the Bunsen flame, the latter acquires a magnificent 
green color. Addition of hydrochloric acid considerably 
heighteoa the beauty of this very delicate reaction, as it occa- 
i the appearance of an aaure colour. 

A mixture of a compound of copper with carbonate of 
sodium and cyanide of potassium, exposed on charcoal to the 
inner blowpipe flame, gives metallic copper. 

3. The borax bead, held in the outer blowpipe flame, is 
colored by compounds of copper. The bead is green while 
it, and blue when cold. 



1. Hydro sulplmric acid produces a brownish -blaeic prceipi- 
3 of sulphide of copper (CuS). It is insoluble in dilute acids 
And caustic alkalies. Hot sulpliide of sodium fads to dissolve 
Sti or dissolves it only to a very trifling extent; it is a little 
more soluble in sulphide of aramonium, especially when the 
r is yellow and hot. Sulphide of copper is readily dissolved 
fby boiling nitric acid, but it is entirely unacted upon by boiling 
dilute sulphuric acid. It dissolves completely in cyanide of 
Ipotassium, 
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5. Sulphide of ammonium produces the same precipitate. 

6. Poiath* produces a light blue bulky precipitate of hydrate 
of copper (CuIIjOj). On boiling in presence of excess of potash, 
the precipitate turns black immediately, at the same time be- 
coming denser. This change takes place in the cold after some 
time, if the Bolutiou is very concentrated. It depends upon 
the conversion of the CuHjOg into 3CuO . H^O. 

7. Carbonate of sodium* produces a greenish blue precipitate 
of basic carbonate of copper (CuCO^ . CuHjOj), which, upon 
boiling, changes to broivnish-black hydrated oside. It dissolves 
in ammonia to an aKure, and in cyanide of potassium to a 
colorless fluid. 

8. Ammonia^ added in small quantity to neutral solutions, 
produceH a greenish-blue precipitate of a basic salt. This pre- 
cipitate redisaolves upon further addition of the reagent to a 
clear fluid of a magnificent azure color. The blue color is per- 
ceptible in very dilute solutions. Potash produces in such blue 
solutions in the cold, after the lapse of some time, a precipitate 
of blue hydrate of copper; but upon boiling, this reagent pre- 
cipitates the whole of the copper as black hydrated oxide. 

9. Carbonate of ammonium gives the same reactions as 
ammonia. 

10. Ferrocyanide of potassium produces a reddish-brown 
precipitate of ferrocyanide of copper (CugCy^Fe), which is in- 
soluble in dilute acids, but is decomposed by potash. In 
very dilute solutions the reagent produces only a reddish 
coloration. 

11. Metallic iron, when brought into contact with concen- 
trated solutions of copper, is almost immediately coated with 
metallic copper. Very dilute solutions produce this coating only 
after some time. A little free acid accelerates the reaction. 

12. If to a solution of copper in a platinum crucible lid a 
little hydrochloric acid is added, and then a piece of zinc, the 
platinum will soon become coated with copper ; this coating is 
clearly visible even in the case of very dilute solutions. 

13. K a piece of iron wire is inserted into a spiral formed 

• In the preaenofl of non-volatile organic acids, the salta of copper are 
not precipitattid b; potasb or carbonate of Hodium ; tbe snlutioiiH prodnced 
are deep olne. In soiutiona containing sugar, or a similar organic sab- 
stance, potash prodncee a precipitate solnble in excesH ; carbonate of 
Aodium, however, gives tk permuuieiit precipitate. 
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from a rather stout platinum wire, and the whole is then placed 
in a slightly acidified solution of copper, the platinum wire will 
after some time be found to be coated with copper. 

Gadmltun. 

WET REACTIONS. 

1. Hydrosulphuric acid produces a bright yellow pre- 
cipitate of sulphide of cadmium (CdS), which is insoluble in 
dilute acids, alkalies, alkaline sulphides, and cyauide of potas- 
sium. It is readily dissolved by boiling nitric acid, by boiling 
hydrochloric acid, and by boiling sulphuric acid. 

3. Sulphide of ammonium produces the same precipitate. 

3. Potash produces a white precipitate of hydrate of cad- 
miuni (CdHjOj), which is insoluble in an excess of the pre- 
cipitant. 

4. Ammonia produces the same precipitate. It is readily 
soluble in an excess of this reagent. 

5. Carbonate of sodium produces a white precipitate of 
carbonate of cadmium (CdCOg), which is insoluble in excess 
of the precipitant. Salts of ammonium interfere with the 
precipitation notably ; ammonia prevents it. The precipitate 
dissolTcs readily in cyanide of potassium. From dilute solu- 
tions the precipitate separates only after some time. Warming 
assists the separation. 

6. Carbonate of ammonium produces the same precipitate, 
also insoluble in excess of the precipitant. 

Group II. — Division II. 

TIN. ANTIMONY. ARSENIC. 

Tin. 

DRV REACTION. 

1 . Compounds of tin fused with carbonate of sodium and 
cyanide of potassium on charcoal give malleable globules of 
metallic tin. 

WET REACTIONS. 
Dyad Tin. 
Hydrosulpltaric acid produces in acid solutions a dark 
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brown precipitate of hydrated statmoua sulphide (SnS), irldt 
la iiiaoliible, or nearly so, in colorless sulpliide of i 
but dissolves readily in the yellow sulphide. Acids precipitat 
from this solution yellow stannic sulphide, mixed with sulphuz 
Stauuons sulphide dissolves also in potash ; aeids precipitat 
from this solution the stannous sulphide unchanged. Boilin 
hydrochloric acid dissolves it ; boiling nitic acid converts ; 
into insoluble metaatanuic acid (SuHjOJ. 

3. Potash produces a white bulky precipitate of stannoi 
hydrate (SuH^Oj) which redissolvea readily in excess of th( 
precipitant. If the solution is briskly evaporated a compound 
of stannic oxide and potash is formed, which remains in solni 
tiou, while metallic tiu precipitates ; but upon evaporating it 
slowly, crystalline anhydrous stannous oxide separates, 

4. Ammonia produces the same precipitate, insoluble in 
excess of the precipitant. 

5. Carbonate of ammonivm produces the same precipitate 
insoluble in excess of the precipitant. 

6. Mercuric chloride, added in excess, produces a whit< 
jirecipitate of mercurona chloride. See p. 32, 7, top. 

7. Zinc precipitates from solutions containing excess ( 
hydrochloric acid, metallic tin in the form of grey laminse o* 
a spongy mass. If the experiment is conducted in a platinui 
dish the latter is not colored black. 

Tetrad Tin. 

Note. — There are two series of stannic compounds, the 
stannic and the metastannic. The stannic hydrate precipitated' 
by alkalies from stannic chloride dissolves readily in hyd] 
chloric acid, but the stannic acid obtained by the action of 
nitric acid on tin docs not dissolve in hydrochloric acid. I^ 
however, this stannic acid is boiled with hydrochloric acid fo» 
a short time, it takes up acid, and on pouring off the super- 
natant liquid and adding water to the residue, a solution ia 
obtained. The aqueous solution of the ordinary stannie 
chloride is not precipitated by strong hydrochloric acid, whilst 
the metastannic chloride is precipitated unchanged from its 
aqueous solution by this acid. Tlie solution of the ordinary 
stannic chloride is not turned yellow by stannous chloride, but 
if it contains metastannic chloride it is turned yellow (Lowen. 
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BAh), The dilute solutions of the Htannic chlorides when 
boiled, yield stannic hydrate x)r metaatannic acid, as the case 
may be. 

1. Hydroaulphuric acid throws down from acid solutions, 
particularly upon heating, a white flocculcnt precipitate if the 
stannic solution is in esccss, a faintJy yellow precipitate if the 
hydrosulphuric acid is in excess. The former precipitate may 
be safely assumed to be, in the case of stannic chloride, a 
mixture of stannic chloride and sulphide; the latter pre- 
cipitate consists of hydrated stannic sulphide (SnS„). The 
stannic sulphide dissolves readily in potash, alkaline sulphides, 
boiling strong hydrochloric acid, and aqua regia. It dissolves 
with some difficulty in ammonia, and is nearly insoluble in 
carbonate of ammonium, and in acid sulphite of potassium. It 
dissolves readily in sulphide of ammonium ; from this solution 
acids precipitate the stannic sulphide unaltered. Concentrated 
nitric acid converts it into insoluble metastannic acid(SuH^OJ. 
Upon deflagrating stannic sulphide with nitrate and carbonate 
of sodium, stannic oxide and sulphate of sodium are fonned. 

2. Polanh produces a white precipitate, which, according 
to the nature of the solution, consists of stannic hydrate or 
metastannic acid. Both dissolve readily in excess of the pre- 
cipitant. 

3. Ammonia produces the same precipitate, 

4. Carbonate of ammonium produces the same precipitate. 

5. Sulphate of sodium, or nitrate of ammonium {in fact, 
most neutral salts of the alkali metals)/, when added in excess, 
throw down from solutions of both varieties, provided they are 
not too acid, the whole of the tin as stannic hydrate or meta- 
stannic acid. Heatiug promotes the precipitation. 

I 6. ZtAC precipitates from solutions containing excess of 
K^ydrochloric acid, metallic tin in the form of grey laminae or 
I of a spongy mass. K the experiment is conducted in a 
I platinum vessel the latter is not colored black. 

I Antlinonr. 

I DRY REACTION. 

I 1. Compounds of antimony mixed with carbonate of sodium 
I and exposed on charcoal to the reducing blow pipe -flame, yield 
I brittle globules of metallic antimony. 
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WET ttEACTIOSS. 



2. Hydrosulphuric acid added to acid solutions producea 
an orange -red precipitate of antimonious sulphide (Sb^S,}.. 
The precipitate is readily disBolved by potash and by alkaline 
sulphides, especially if the latter contain au excess of sulpboi 
It is but sparingly soluble in ammonia, and, if &ee from anti^ 
monic sulphide, almost insoluble iu acid carbonate of i 
monium. It is insoluble in dilute acids and in acid suIphiM 
of potassium. Boiling strong hydrocblorie acid dissolves it. 
By heating in the air it is converted into a mixture of 
binoxide of antimony and antimonious sulphide. By <3 
gration with nitrate and carbonate of sodium it gives sulphate 
of sodium and antimoniate of sodium (Na^SKOg). On fusing 
antimonious sulphide with cyanide of potassium metallic anti^ 
mony is obtained. If the operation is conducted in an igni-' 
tion-lube, or in a stream of carbonic acid, no sublimate <£■ 
antimony is produced. But if a mixture of sulphide of anti» 
mony with cyanide of potassium and carbonate of sodium is 
heated in a glass tube in a stream of hydrogen, a mirror of 
antimony is deposited in the tube immediately iu front of the 
spot occupied by the mixture. 

3. Potash* throws down a white bulky precipitate of anti« 
monious oxide {Sb^Oj}, which redissolves pretty readily ; 
excess of the precipitant. 

4. Ammonia* produces the same precipitate, which is almo^ 
insoluble iu excess of tht precipitant. 

5. Carbonate of ammonium* produces the same precipitate. 

6. Zinc precipitates metallic antimony as a black powdery 
if free nitric acid is absent. If a few drops of a solution o 
antimony are put into a platinum crucible lid, with a little, 
hydroclJoric acid and a piece of zinc, hydrogen containing^ 
antimonettcd hydrogen is evolved and antimony separates^ 
staining the platinum brown or black, even in the case of very 
dilute solutions. This reaction is exceedingly delicate and 
characteristic. Cold hydrochloric acid fails to remove tite 
stain ; heating with nitric acid removes it immediately. 

7. If a minute quantity of antimony in solution is intro- 

* These reagents precipitate tartar-emetic very imperfectly. 
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duced into an apparatus evolving hydrogen, and fitted with a 
jet, part of the antimony will be precipitated as metal and 
remain in the apparatus, white part will escape with the 
hydrogen in the form of antimonettcd hydrogen (SbHj). If 
the escaping gas is lighted, and a porcelain dish is held in the 
flame, a black stain or mirror of antimony will be deposited 
on the dish. If the jet tube is bent at right angles and 
Leated at some little distance from the end, a mirror will be 
formed in the tube on both sides of the heated part. 

Arsenic gives a similar mirror when treated as above. It 
is therefore necessary to be able to distinguish between the 
two. The mirror on the porcelain ia best tested with a drop . 
of chloride of soda — this does not dissolve the antimony 
mirror, while it would at once dissolve an arsenic mirror. 
The mirror in the tube gives the following reactions: — When 
ieated ia the tube in the current of hydrogen it only vola- 
tilizes at a high temperature, and the hydrogen then escaping 
is devoid of garlic odor ; when the hydrogen is lighted it only 
deposits spots on porcelain if the current of gas is strong ; and 
the mirror before volatilizing fuses to shining globules dis- 
tinctly visible with a lens. But the most satisfactory way of 
Jiroviug the identity of the antimony mirror in the tube, is by 
conducting a very slow current of dry sulphuretted hydrogen 
through the tube and heating the mirror, moving the lamp in 
the opposite direction to that of the current. The antimony 
imirror ia by this means converted into antimonioua sulphide, 
which appears of a more or less rcddish-ycllow color, and 
almost black when in thick layers. If a gentle current of 
dry hydrochloric acid is now transmitted through the tube, 
the sulphide of antimony, if present in thin layers only, dis- 
appears immediately ; if the incrustation ia somewhat thick, a 
short time is required to dissipate it. The reason of this is 
that sulphide of antimony ia readily decomposed by hydro- 
chloric acid, and the terchloride of antimony formed la very 
volatile in a stream of hydrochloric acid. If the gas, as it 
passes out of the tube, is conducted into water, the antimony 
is dissolved and may be detected with hydrosulphuric acid. 
By this combination of reactions, antimony may be distin- 
guished with certainty from all other metals. 

If hydrogen containing antimonettcd hydrogen is slowly 
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pnssed into solution of nitrate of silver, almost the Thole of 
the antimony is precipitated in the form of SbAgg. 
Sbn, + 3AgN03=SbAg3 + 3HN03. 

8. Wafer throws down from solutions of antimony a 
cipitate of basic salt. Thus, on adding water to solution of 
chloride of antimony in hydrochloric acid, a white bulky pre? 
cipitate of basic antimonioiis chloride ('iSbClg . 5Sb303) is pro- 
duced, which, after some time, becomes heavy and cryetalliuo. 
T.irtarie acid dissolves this precipitate readily (here antimony 
differs from bismuth), aud therefore prevents its formation ifl 

, mixed with the solution before the addition of water, 

9. If a solution of antimonious oxide iu potash is mixed 
with nitrate of silver, a deep black precipitate of suboxide of 
silver (Ag^O) forms along with the greyish-brown precipitate 
of oxide of silver. Upon now adding ammonia in excess the" 
oxide is redissolved, while the suboxide is left. This reactioB 
is very delicate. It ia thus explained : — 

SbjOa + 4Ag„0 = ShjO^ + 2Ag,0. 

10. When antimonious oxide is boiled with hydrochloric 
acid and iodide of potassium, no iodiue is liberated, 

Aatlmoaio Aoid, 

I . Hydroauiphuric acid produces in acid solutions a pre- 
cipitate of antimonic sulphide (Sb^S^) mixed with antimonious 
sulphide and sulphur. The precipitate dissolves readily when 
heated with potash or ammonia. It dissolves in boiling strong 
hydrocldoric acid with evolution of sulphuretted hydrogen 
aud separation of sulphur. It ia only very sparingly soluble in 
cold acid carbonate of ammonium. 

3. With zinc and in a hydrogen apparatus, solutions of 
antimonic acid show the same reactions as ordinary solutions 
of antimony. 

3. If a solution of antimonic acid in potash is mixed with 
nitrate of silver and then with ammonia, no suboxide of silver ia 
left behind. 

■i. If antimonic acid ia boiled with hydrochloric acid and 
iodide of potasaiunij iodine ia hbcratedj and colors the solution 
brown. 
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DRY BEACTIONS. 



1. Compounds of arsenic heated with carbonate of sodium 
n charcoal in the inner blowpipe flame, give a highly eha- 
acteristic garlic odor. This reaction is delicate, 

2. Compounds of arsenic heated with carbonate of sodium 
and cyanide of potassium in an ignition-tube yield a sublimate 
of metallic arsenic in the form of a mirror. It is best to blow 
the sealed end of the ignition-tube into a bulb, and to proceed 

follows : — Introduce the perfectly dry substance into the 
bulb and cover it with five times its bulk of the perfectly dry 
reducing mixture. The whole quantity must not occupy more 
than half the bulb, otherwise when the mixture fuses it may 
ascend into the tube. Now heat the bulb gently; should 
some water escape, wipe the inside of the tube perfectly dry 
with a twisted piece of filter-paper. (It is necessary that the 
mixture and tube should be perfectly free from moisture.) 
Apply a strong heat to the bulb and continue this for some 
time, as the arsenic does not always sublime completely at 
once. This method is simple, neat, and delicate ; it is espe- 
cially adapted for the production of a mirror from the sulphide 
of arsenic. 

The delicacy of this reaction is heightened by heating the 




1 



mixture in a current of dry carbonic acid. The disposition c 
the ^paratuB ia shown in the figure ; A contains marble an' 



r 
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water, and is supplied with hydrochloric acid tlirough the funnel 
tube. This flaak may he conveniently replaced by an apparatui 
for giving a constant supply of the gas, which can be regulated 
at will. B contains sulphurij; acid; C is 30 cm. long; it is 
made of a piece of hard glass tube, rather stout, and of about 
7 lum. bore ; fig. 4 is an enlarged drawing of it. 'WTien the 



^ 



apparatus is full of carbouic acid, rub the dry sulphide or other 
compound of arsenic in a warm mortar with about ten parts 
of a well-dried mixture consisting of three parts of carbonate 
of sodium and one part of cyanide of potassium. Put the 
powder upon a narrow slip of thick paper bent into the shape ' 
of a gutter, and push this into the reduction tube down to e ; 
turn the tube now half way round its axis, which will canae the ' 
mixture to drop into the tube between e and d, every other ' 
part remaining perfectly clean. Connect the tube with the,' 
rest of the apparatus, and pass a gentle current of gas. Heat 
the reduction tube in its whole length very gently, until the 
mixture is perfectly dry. When every trace of moisture has 
been expelled from the tube, and the current is passing through 
the sulphuric acid at the rate of a bubble a second, heat the 
reduction tube to redness at c ; when c is red hot, apply the 
flanie of another lamp to the mixture, proceeding from dto e, 
until the whole of the arsenic is expelled. By far the greater 
])Ortion of the arsenic reeoudenses'at /i, while a small portion 
escapes, and may be smelt. If oidy small quantities of arsenic 
are present, and the mirror is thin and scattered, it may be 
concentrated by moving the second lamp slowly to c, then 
sealing the tube at i, and driving the arsenic in the narrow 
part of the tube to h. In this manner a perfectly distinct 
mirror may be produced from "2 mgrm. of sulphide of arsenic. 
No mirror is obtained by this process from sulphide of anti- 
mony, or any other compound of antimony. 

3. The best way of ideniifyiitg arsenious oxide (Aa^Oj) 
when unmixed with other bodies consists in the two following 
reactions : — First, heat in an ignition tube ; the arsenious 
oxide will sublime into the form of small sparkling octa- 



kedrons and tetrahedrons. Secondly, introduce a fragment 
into the pointed end {a) of an ignition-tube drawn out as 
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shown in the figure, then insert a piece of recently ignited 
charcoal (b), and heat to reduess first the charcoal, afterwards 
the araenioiis oxide. A mirror of arsenic will form at c. If 
the tube is now cut between b and c, aiid then heated in an 
inclined position, with c upwards, the mirror will volatilize, 
emitting the characteristic odor. No other substance would 
give sparkliug crystals when heated in an iguition-tube, and 
an arsenical mirror when heated with charcoal as described. 

WET REACTIONS. 

Aneniona Acid. 

4. Hydrosulphuric add produces in acidified solutions a 
bright yellow precipitate of arsenions sulphide (As^Sj). The 
precipitate forma at once. It is readily dissolved by alkalies, 
alkaline carbonates and sulphides, and acid carbonates of the 
alkali metals. It is nearly insoluble in hydrochloric acid, even 
vhen stroDg and boiling. It ia readily soluble in boiliug nitric 
acid. If recently precipitated arsenions sulphide is digested 
with sulphurona acid and acid sulphite of potassium, the pre- 
cipitate is dissolved ; upon heating the solution to boiling the 
fluid tuma turbid, owiug to the separation of sulphur, which 
upon continued boiling is for the greater part redisaolved. 
The fluid contains, after expidsion of the sulphurous acid, 
araenite and hyposulphite of potassium. The deflagration of 
uious sulphide with carbonate and nitrate of sodium gives 
nsc to the formation of arseniate and sulphate of audium. 
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5. Nitrate of silver produces in neutriil aolutions a yellow 
precipitate of arsenite of silver (Ag.iAaOg). The precipitate 
is readily soluble iu nitric acid and in ammonia. It is not 
insoluble in nitrate of ammouium; licnce if a small quantity' 
of the precipitate is dissolved in a large quantity of uitric; 
acid, and the latter is then neutralized by ammonia, the pre- 
cipitate does not make its appearance again. If an ammoniacal 
solution of arsenite of silver is boiled, metallic silver separates, 
while the arseuious acid is converted into arsenic acid. 

6. Sulphate of copper produces in neutral solutions & 
yellowish-green precipitate of arsenite of copper. 

7. If to a solution containing a good excess of potash, a 
drop or two of sulphate of copper is added, a clear blue fluid 
is obtained, which upon boiling deposits a red precipitate of 
cuprous oxide (CujO), leaving araeniate of potassium in solution. 
This reaction is esceediugly delicate provided not too much. 
sulphate of copper is used. Even should the red precipitate 
be so trifling as to escape detection by transmitted light, yet 
it will always be discernible upon looking in at the top of thtf 
test-tube. This reaction is valuable for the detection ol. 
arseuious acid in presence of arsenic acid ; but it must bft 
noticed that grape sugar and other organic substances shoW' 
a similar deportment. 

8. Reinsch's Test. — If a solution mixed with hydrochloric 
acid is heated with a clean piece of copper-foil or wire, an iron, 
{^rey film of CujAs^ is formed on the copper, even in higbly 
dilute solutions ; when this film increases in thickness, it peels 
off in black scales. If the coated copper is washed free from. 
acid, and then heated with ammonia, the film pe^la off from 
the copper, and separates in the form of minute spangles, lit 
the substance, either simply dried, or oxidized by ignition in i 
current of air {which is attended with the escape of somi 
arsenioua oxide), is heated iu a current of hydrogen, then 
escapes relatively but little arsenic, alloys richer in coppe: 
being left behind. 

This reaction is not decisive unless arsenic is found in thi 
film, as antimony and other metala will precipitate uponi 
copper under similar circumstancea. 

9. Marsh's Test. — If a solution is mixed with zinc and 
dilute sulphuric acid, aracnctted hydrogen (AsH,} is formed in 
the same manner as antimonettcd hydrogen is formed from. 
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compounds of antimony. This reaction affords ua a most 
delicate teat for arsenic. 

The operation is conducted in a bottle supplied with a 
funnel-tube and a jet-tube; the latter should be bent at right 
angles, and a wide tube contatuing chloride of calcium (to dry 
the gas) should be intercepted between it and the bottle. The 
jet-tube should be of hard glass, free from lead ; it should be 
rather stout, and have a bore of about 7 mm. The operation 
is commenced by evolviug a moderate current of hydrogen 
from granulated zinc and dUute aulphuric acid.* When the 
evolution of hydrogen haa proceeded for some time, the gas 
should be lighted. 

We must now first make sure that our zinc and sulphuric 
acid are free from arsenic. Thia is done by depressing a 
porcelain dish upon the flame, ao as to make it spread over 
the surface; if the hydrogen containa aracnetted hydrogen, 
brownish, or brownish-black, atains will appear on the porce- 
lain ; the non-appearance of such stains may be taken as a 
proof that the materials are free from arsenic. In very deli- 
cate experiments, however, additional evidence is required to 
prove the absence of the slightest trace of-arsenic in the re- 
agents ; for thia purpose, part of the jet-tnbe is heated to red- 
ness, and kept for some time in that state : if no arsenical 
>coating makes its appearance, the hydrogen may be considered 
pure. 

The operation is proceeded with by pouring the fluid to be 
tested through the funnel-tube into the bottle, and afterwards 
a little water to rinse out the tube. Only a very little of the 
fluid should be poured in at first, as when the quantity of 
arsenic present is considerable, and much fluid is poured into 
the bottle, the evolution of gas often proceeds with such 
Tiolence as to atop the further progress of the experiment. If 
a porcelain dish is now held in the flame, metallic arsenic 
condenses upon it, in the same manner as antimony. The 
Arsenical miri-or is not quite similar to the antimony mirror in 
appearance ; it is, however, readily distinguished from the 
Jatter by its solubility in chloride of soda, 
■ If a part of the jet-tube is heated, a brilliant arsenical 



• If pure zinc is naed, a difficulty maybe found in obtaining an action ; 
n that case a isff drops of chloride of pUtiaimi should be added. 



46 REACTIONS AND HEFAIUTION. 



r in I 
lout I 



mirror is produced in the tube. On heating this mirror in 
the current of hydrogen, it is readily driven away without 
previously melting, while at the same time the escaping (on- 
lighted) gas posaeases the characteristic arsGDical odor. If 
the gas is lighted while the mirror in the tube is being heated, 
the flame will, even with a very slight current of gas, deposit 
arsenical stains on a porcelain dish. 

The reactions jnat described are amply auEBcieot to enable 
us to distinguish between arsenical and autimonial mirrors ; 
but they are often inadequate to the positive detection of 
arsenic in the presence of antimony. In cases of this kind, 
the following process will serve to set at rest all possible doubt 
as to the presence or absence of arsenic ; — 

Wbile the gas is passing, heat the long jet-tube to redness 
in several parts, to produce several distinct mirrors; then 
transmit through the tube a very slow current of dry sulphu- 
retted hydrogen, and heat the mirrors, moving the lamp in the 
opposite direction to that of the current. If arsenic alqne is 
present, yellow sulphide of arsenic is formed in the tube ; if 
antimony alone is present, an orauge-red or black sulphide of 
antimony is produced ; and if the mirror consisted of both 
metals, the two sulphides appear side by side, the sulphide of 
arsenic, us the more volatile, lying invariably in front of the 
sulphide of antimony. If you now transmit through the tube, 
dry hydrochloric acid, without applying heat, no alteration 
will take place if sulphide of arsenic alone is present, evea 
though the gas be transmitted for a considerable time. H 
sulphide of antimony alone is present, this will entirely dig- 
appear; and if both sulphides are present, the sulphide d 
antimony will immediately volatilize, while the yellow sulphide 
of arsenic will remain. If a small quantity of ammonia is 
now drawn up into the tube, the sulphide of arsenic ia dis- 
solved, and may then be readily distinguished from any 
sulphur which may have separated. My personal cxperieucS 
has convinced me of the iufallibility of these combined tests 
for the detcctiou of arsenic. 

If hydrogen containing arsenetted hydrogen ia passed slowly 
into nitrate of silver, the arsenic is retained in the form of 
arsenious acid, while metallic adver is precipitated. 

AsHj-|-6AgN03-)-3H30=Aga-l-H3Aa03-f6HNOj 




THE REACTIONS OF THE METALS. 



1. Hydrosulphuric acid causes in acid solutious, first 
.uction of the arsenic acid to arsenious acid, with separation 

sulphur, then precipitation of arsenious sulphide. This 
cesa continues until the whole of the arsenic is thrown 
down, as AsjSg mixed with Sj. The action never takes place 
immediately, and in dilute solutions it frequently requires a 
considerable time (twelve or twenty-four hours for instance). 
Heating to about 70° greatly accelerates the reaction. 

In prscipitating arsenic acid solutions with hydrosulphuric 
acid, it is often most convenient to reduce the arsenic acid to 
arsenious acid previously. The hydrosulphuric acid will then 
precipitate the arsenic as arsenious sulphide immediately. 
The reduction is effected by heating with sulphurous acid 
which is converted into sulphuric acid in the action, 

2. Nitrate of silver produces in neutral solutions a highly 
character istie reddish-brown precipitate of arseniate of silver 

[(AggAsOJ, which is readily soluble in dilute nitric acid and in 
smmonia. It is slightly soluble in nitrate of ammonium ; 
accordingly, if a little of it is dissolved in a large proportion of 
nitric acid, neutraliaation with ammonia often fails to repro- 
duce the precipitate. When the solution of the precipitate in 
imonia is boiled, no metallic silver separates, aa is the case 
^th arsenitc of silver, 

Sttlphale of copper produces in neutral solutions a green- 
&b-blue precipitate of arseniate of copper (CuHAsO^). 

4. A mixture of sitlphate of magnesium, chloride of ammo- 
iiinm, and ammonia, produces a crystalline precipitate of arse- 
niate of ammonium and magnesium {MgNH^AsO^+6 aq). In 
dilute solutions the precipitate takes some time to form. 

This precipitate may be distinguished from the corresponding 
phosphate by the following reactions : — (a) If a small quantity 
of the precipitate is dissolved in a watch glass in a drop of 
nitric acid, a little nitrate of silver added, and the solution 
touched with a glass rod that has been dipped in ammonia, a 
brownish-red precipitate of arseniate of silver is formed, 
(b) If the arseniate of magnesium and ammonium is dissolved 
in hydrochloric acid, and hydrosulphuric acid is passed into 
the solution which is kept warm, a yellow precipitate will be 
formed. 
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5, If a dilute solution is mixed with some hydroctloricf 
acid and heated with a clean slip of copper, the metal remtii 
perfectly unchanged ; but if to one volume of the solution twoP 
volumes of strong hydrochloric are added, a grey film is de-f 
posited on the copper, as with arseuions acid. Under these ll 
circumstances the reaction is as delicate with arBeuic acid aaf 
with arsenious acid. 

6. With zinc and sulphuric acid arsenic solutions give the I 
same reactions as arsenious solutions. 



NICKEL. COBALT. IRON. MAS(5ASESE. ZINC. CHltOMIOiL ] 
ALUMINIUM. 

Klckel. 

DRV REACTION. 

1. Compounds of nickel heated in the outer blowpu^ 
flame with the boraa; bead give a reddish-brown color whi 
cold. 

WET REACTIONS. . 

2. Sulphide of ammonium produces a black precipitate of 
hydrated sulphide of nickel (NiS), which is not altogether in- 
soluble in excess of the precipitant, especially if it contains 
free ammonia ; if the mixture is filtered, therefore, the filtrate 
usually exhibits a brown color. Chloride of ammouium pro- 
motes the precipitation, and acetate of ammonium^ 
more favorable. Sulphide of nickel dissolves scarcely at all'' 
in acetic acid, with great difficulty in hydrochloric acid, bofr 
readily in aqua regia upon application of heat, 

3. Potash* produces a light green precipitate of hydrat^ 
of nickel (NiH^O,) which is insoluble in an excess of the prei 
cipitant, and unalterable in the air and by boiling. Carbo> 
nate of ammouium dissolves the precipitate, when filtered and 
washed, to a greenish-blue fluid, from which potash repreeipi- 
tates the nickel as apple-green hydrate. 

4r. Ammonia added in small quantity to a neutral solution, 

* The presence of non- volatile organic acids and sugar, intorfarea with 
the pTBuipitatioa b; potd.ali. 



J produces a trifling greenish turbidity, wliich at once redis- 
J solves to a bhie fluid on further addition of the reagent. 

Potash precipitates from this solution hydrate of nickel. 

Presence of salts of ammonium prevents even any precipitate 

being produced by ammonia. 

5. Ferroq/anide of polassium precipitates fcrrocyanide of 
nickel (Ni^CygFe), as a grcenish-vphite body, insoluble in 
hydrochloric acid. 

6. Ferricyanide of potassium precipitates brownish -yellow 
ferricyanide of nickel [Nig(CygFe) J , which is insoluble in hydro- 
chloric acid. 

7. Cyanide of potassium produces a yellowish- green pre- 
cipitate of cyanide of nickel (NiCy^), which dissolves readily in 
excess of the precipitant as cyanide of nickel and potassium 
(KjNiCyJ ; the solution is brownish-yellow. If hydrochloric 
acid is added to this solution, the cyanide of nickel is re- 
precipitated. From very dilute solutions the cyanide of nickel 
separates only after some time ; it is very dif&cultly soluble in 
an excess of the hydrochloric add in the cold, but more readily 
soluble on boiling. 

Tlie solution of cyanide of nickel and potassium is not 
altered by boiling with excess of hydrocyanic acid. It gives 
a black precipitate of sesquioxide of nickel when boiled with 
chloride of soda. 

8. Carbonate of barium does not precipitate nickel upon 
digestion in the cold, 

9. Nitrite of potassium used in conjunction with acetic 
acid fails to precipitate even concentrated solutions of 
iiickel. 

If the solution, however, contains calcium, barium, or stron- 
tium, and it is not too dilute, a yellow crystalline precipitate 
of nitrite of nickel and calcium, &c., is formed, which is diffi- 
cultly soluble in cold water, and more readily soluble in hot 
water to a yellow fluid. 
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Cobalt. 

DRY EEACTION. 



1. Compounds of cobalt heated in either the inner or outer 
blowpipe flame with itorax give a magnificent blue bead. This 
test is both delicate and characteristic. 



WET REACTIONS. 

2. Sulphide of ammonium precipitates black hydrated sul 
phide of cobalt (CoS). Tlie precipitatiou is promoted 1 
chloride of ammonium. Sulphide of cobalt ia insoluble 
alkalies and sulphide of ammonium, scarcely soluble in aceti 
acid, very difficultly soluble in hydrochloric acid, but readi 
soluble in aqua regia, upon application of heat. 

3. Potash* produces a blue precipitate of basic salt whicf 
is insoluble in excess of the precipitant, and turns green upcq 
exposure to the air, owing to the absorption of osygei 
Upon boiling it is converted into pale red hydrate of cobaUr 
(CoHgOj), which contains alkali, and generally appears rather 
discolored from an admixture of sesquioxide. If before boil- 
ing alcohol is added, the precipitate is rapidly converted into 
dark brown hydrated sesquioxide. Carbonate of ammonium 
dissolves the basic salt (or the hydrate of cobalt) after it has 
been washed completely, forming an intensely colored violet- 
red fluid, in which a blue precipitate is produced by potadi, 
while the fluid remains violet. 

4. Ammonia produces in neutral solutions a precipitate of 
basic salt, which readily redissolves in excess of the precipitant- 
to a reddish fluid which turns brownish-red on exposure to the 
air, and from which potash throws down part of the cobalt as a 
basic salt. Presence of salts of ammonium prevents even any 
precipitate being produced by ammonia. 

5. Ferrocyattide of potasHum precipitates green ferro- 
cyanide of cobalt (CojCygFe), which ia insoluble in hydrochlorio 
acid. 

6. Ferricyanide of potassium precipitates brownish-red 
ferricyanide of cobalt [Co3(CygFe)3], which is insoluble 
hydrochloric acid. 

7. Cyanide of potassium produces a browuish -white pre- 
cipitate of cyanide of cobalt (CoCy„), which dissolves readily 
in excess of the precipitant as cyanide of cobalt and potassium 
(KjCoCyJ. Acids reprccipitate from this solution the cyanide 
of cobalt. 

If this solution of cyanide of cobalt and potassium is boiled 
with more cyanide of potassium, in presence of hydrocyanic 

* The presence of non-volatile organic acida or sugar interferea with thft 
precipitation, of cobalt hj potask. 
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acid (produced by the addition of a drop or two of hydrochloric 
acid), cobalticyauide of potaaaium (KgCygCo) is formcdj thus — 
KjCoCy^ + KCy + HCy = K^Cy.Co + H 
The solution of cobalticyanide of potassium is not pre- 
cipitated by acids or by boiliug with chloride of soda. 

8, Carbonate of barium fails to precipitate cobalt, upon 
digestion ia the cold. 

9. If nitrite of potassium is added in not too small pro- 
portion to a solution of cobalt, then acetic acid to strongly 
acid reaction, and the mixture is put in a moderately warm 
place, all the cobalt separates iu the form of a crystalline pre- 
cipitate of a fine yellow color. The separatiou takes some time 
in the case of dilute solutions. The precipitate has the fol- 
lowinf? composition:— Copa.SKjO.SNjOa.SHp. Its for- 
mation may be thus explained ; — 

ZCoClj + ISKNOj + 2H A + H^O^ Co^Oj . 3K,0 . SN^Og . 2H^0 
+ 4KC1-I-3KA + 2NO. 
The precipitate is very perceptibly soluble in water, only 
slightly soluble in concentrated solutions of salts of potassium 
and in alcohol, and insoluble in presence of nitrite of potas- 
sium. When boiled with water, it dissolves, but not copiously, 
to a red fluid, which remains clear upon cooling, and from 
■which potash throws down hydrate of cobalt. 



DRY REACTIO.V. 

1, The biyrax bead is colored by compounds of iron. 
Heated iu the outer blowpipe flame, the bead when cold varies 
from colorless to dark yellow. Heated in the inner flame, the 
tead when cold is bottle green, 

WET REACTIONS. 
D^ad Iron. 

2. Sulphide of ammonium precipitates black hydrated 
ferrous stdphide (PeS), which is insoluble in alkalies and 
sulphides of the alkali metals, but dissolves readily in hydro- 
chloric and nitric acids. The precipitate turns reddish-brown 
in the air by oxidation. To highly dilute solutions sulphide 
of ammonium imparts a green color ; after some time the iron 
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falls down as black Bulphide, Chloride of ammonium pro- 
motes the precipitation most materially. 

3. Potash* produces a precipitate of ferrous hydrate 
(FeHjOj) which is at first almost white ; it soon becomes dirty 
green, and ultimately reddish -brown, from absorption of 
oxygen. Presence of ammonium salts preventa the precipitit. 
tion partly. 

4. Ammonia* produces the same precipitate. Presence of 
salts of ammonium prevents the precipitation altogether, 

5. Ferroq/anide of potassium produces a bluish-white pre- 
cipitate of ferrocyanide of potassium and iron [K2Fej(Cy(,Fe)3]. 
Its formation may be explained thus : — 

3reSO,-|-2K,Cy,re=K,Fej(Cy6Fe)„ + 3K3SO^ 
The precipitate speedily becomes blue from absorption o( 
oxygen. Chlorine converts it immediately into Prussiau blue, 
[Fe^{Cy5Fe)3], thus;— 

3KjFe3(Cy^Fe)j + Clj= SFe.CCyoFe), + 6KC1 + FeClg 

6. Ferricyanide of potassium produces a fine blue pre- 
cipitate of ferrous ferricyanide [Fej(Cy|,Fe)j]. The color of tho; 
precipitate is the same as that of Prussian blue. It is in- 
soluble in hydrochloric acid, but is readily decomposed by 
potash. In highly dilute solutions the reagent produces simply 
a deep bluish-green coloration. 

7. Sulphoq/anide of potassium does not alter ferrous 
solutions. 

8. Carbonate of bai'ium does not precipitate ferrous solu- 
tion in the eold. 

Triad Iron. 

1. Hydroaulphuric acid produces in acid solutions a milky- 
white turbidity proceeding from separated sulphur ; the ferric 
salt being reduced to a ferrous salt, thus : — 

3reClj-|-H2S=2FeClg + 2HCl + S 

2. Sulphide of ammonium produces a black precipitatCj 
consisting of hydrated ferrous sulphide (FeS) mixed with 
sulphur, thus : — 

2FeClj + 3(NHJ,S=2FeS + S+6NH^Cl. 

• Non-volatile oreanic acida, angar, &c., interfere with the precipitatioi 
of ferrous aalta by alkoliea. 
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For the properties of the precipitate see p. 51, 2. 

3. Potash* produces a bulky, reddiah-browu precipitate of 
ferric hydrate (FeHgOj), which is iusoluble in excess of the pre- 
cipitant and iu salts of ammonium. 

4. Ammonia* produces the same precipitate, iusoluble in 
excess of the precipitant. 

5. Ferrocyanide of potassium produces, even iu very dilute 
Bolutious, a fine blue precipitate of Prussian blue or ferric ferro- 
cyanide [Fe^(CygFe)j] . This precipitate is insoluble iu hydro- 
chloric acid, but is decomposed by potash, with separation of 
ferric hydrate. 

6. Ferricyanide of potassium deepens the color of ferric 
eolutious to reddish-brown, but it produces no precipitate. 

7. Sulphocyanide of potassiumf imparts to acid solutions an 
intense blood-red color, arising from the formation of soluble 
ferric sulphocyanide. This test ia the most delicate of all ; it 
will indicate the presence of a ferric salt when all other tests 
fail. The red coloration may in such cases be detected more 
distinctly by resting the tube upon a piece of white paper, and 
looking' through it from the top. The sensitiveness of the 
reaction may be increased by adding hydrochloric acid and then 
ether, and shaking. The ferric sulphocyanide dissolves in the 
ether, and the color is concentrated. 

8. Carbonate of barium (even in the cold) precipitates the 
iron as ferric hydrate, mixed with basic salt. 



DRY KEACTIOKS. 

The borax bead, when heated with compounds of maii- 
I gaJiese in the outer blowpipe flame, aequires when cold an 
I amethyst-red color. The bead loses its color in the inner flame. 

If a bead of carbonate of sodium ia made iu the loop 
I of a platinum wire, touched with a flncly-dirided compound 

* Non-volatile organic acids and sugar prevent the precipitation of 
I fenic salts by alkalies. 

■f In ferric solutions which tave been mised with acetate of sodium 
"and are more or Ibbb red from the formation of ferric acetate), no ferrii; 
nlphocjanide will be formed until a cunsiderahle quantity of hydrochloric 
jjid has been added. The same remark applies to solntions containing 
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of manf^ancRC, held in the flame, then dipped into pondered 
nitrate of ])ota88ium and heated again in the blowpipe flame, i 
gn?en bead will be obtained, which becomes bluish on cooling. 
ThiH n^uction deijcnds upon the formation of manganate of 
sodium (Na^jMuOJ. It enables us to detect the smallest traces 
of manganese. 

WET REACTIONS. 

3. Sulphide of ammonium throws down hydrated sulphide of 
manganese (MiiS) in the form of a light flesh-colored precipi- 
tate. If the solution is very dilute, the color of the precipitate 
may appear yellowish white. The precipitate acquires a dark 
brown color in the air. It is insoluble in sulphide of ammo- 
nium and in alkalies ; but readily soluble in hydrochloric, nitric, 
and acetic acids. The separation of the precipitate is mate- 
rially promoted by chloride of ammonium. From very dilute 
solutions the precipitate separates only after standing some 
time in a warm place. Solutions containing much firee am- 
monia should be nearly neutralized with hyd1x)chloric acid 
before precipitation with sulphide of ammonium. K ammonia 
and sulphide of ammonium are present in considerable excess, 
tlie flesh-colored hydrated precipitate often changes in the 
cold to the green anhydrous sulphide — this alteration occurs 
rapidly on boiling. Chloride of ammonium interferes with the 
conversion. 

4. Potash^ produces a whitish precipitate of manganous 
hydrate (MnHgOg), which upon exposure to the air soon 
acquires a brown color from absorption of oxygen. 

5. Ammonia^ produces the same precipitate. The precipi- 
tation is prevented by the presence of chloride of ammonium. 

6. Fen^ocyanide of potassium throws down manganous 
ferrocyanide (MugCygFe). It is reddish- white and soluble in 
hydrochloric acid. 

7. Ferricyanide of potassium precipitates manganous ferri- 
cyanide [Mn3(CygFe) J as a brown body, insoluble in hydro- 
chloric acid and ammonia. 

* Non-volatile organic acids may prevent the precipitation by alkalies 
(or alkaline carbonates). Sugar interferes with the precipitation by alka- 
lies, but it does not iuterfere with the precipitation by alkaline carbonates. 
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8. Carbonate of barium fails to throw down any manganese 
1 digestion in the cold. 



WET BEACTIONS. 

1. Sulphide of ammonium produces a white precipitate of 
lydrated sulphide of zinc (ZnS). Chloride of ammonium 
greatly promotes the separation of the precipitate. Prom very 

ilute solutions the precipitate only separates after long stand- 

The precipitate is insoluble in excess of sulphide of am- 

um, and also in potash and ammonia. It dissolves readily 

Bin hydrochloric acid, nitric acid, and dilute sulphuric acid. It 

a insoluble in acetic acid. 

2. Potash* throws down hydrate of zinc (ZnHjOj), in the 
■ form of a white gelatinous precipitate, which is readily and 
leompletely rediasolved by an excess of the precipitant. Upon 
Bboiling this solution it remains iinaltered, if concentrated ; but 
I'if dilute, nearly the whole of the zinc separates aa a white pre- 
I cipitate. Chloride of ammonium does not precipitate the solu- 
I tion of hydrate of zinc in potash. 

Ammonia* produces iii neutral solutions the same pre- 
I cipitate, which readily dissolves in excess of the precipitant. 
[ The concentrated solution becomes turbid when mixed with 
I water. On boiling the concentrated solution part of the zinc 
1 separates ; on boiling the dilute solution all the zinc separates. 

Carbonate of sodium* produces a precipitate of basic car- 
[ bonate of zinc (SZnHgOj . aZnCO^), which is insoluble in excess 
of the precipitant. Presence of ammonium salts in great excess 
1 prevents the formation of this precipitate. 

Carbonate of ammonium'*- produces the same precipitate. 
I It dissolves in excess of the precipitant. 

Ferrocyanide of potassium throws down ferrocyanide of 
I. fine (ZujCy^Fe) as a white slimy precipitate, somewhat soluble 
I in eKcess of the precipitant, insoluble in hydrochloric acid. 

7. Ferricyanide of potassium throws down ferrieyanide of 

* If the solution containa non-volatile organio acids, the precipitation 
|"bj aJkalieH and alkaline carbonates is liindered. Presence of Bngar does 
it interfere with the precipitation. 
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zinc [ZD,(CyjFe)3] as a brownish orange- colored precipitate' 
soluble in hydrochloric acid and ammouia, 

8. Carbonate of barium precipitates no zinc in the cold, 
sTilphuric acid is absent. 

du-omiuni. 

DKY REACTIONS. 

1. Compounds of chromium color the borax bead. After 
being heated in the outer or inner blowpipe flame, the head 
is emerald color when cold. 

2. Compounds of chromium fused with chlorate of potai- 
stum and carbonate of sodium on a fragment of porcelain, yield 
a yellow mass from the formation of chromatc of sodium 
(Na,CrOJ. 

WET REACTIONS. 

The solutions have sometimes a green, sometimes a vioUt color, 

3. Sulphide of ammonium produces a precipitate of hydrate 
of chromium (CrHgOj), thus: — 

3CrCl5 + 3(NHj3S+6H20=3CrHp3 + 6NHp + 3H38. 

4. Potash produces in green or i^iolct solutions a bluish- 
green precipitate of hydrate of chromium, which dissolves readily 
iu an excess of the precipitant to an emerald-green fluid. Upon 
long boiling, the whole of the hydrate of chromium separates 
again from this solution, and the supernatant fluid become* 
colorless. The same reprecipitatiou takes place if chloride of 
ammouium is added to the solution in potash j application at 
heat promotes the separation of the precipitate. 

5. Ammonia produces iu green solutions a greyish-green, 
in violet solutions a greyiah-blne precipitate of hydrate i 
chromium. The former precipitate dissolves in acids to i 
green fluid, the latter to a violet fluid. Other circumstanceB' 
(concentration, way of adding the ammonia, &c.) exercise also 
some influence upon the composition and color of the preci- 
pitate. A small portion of the hydrate dissolves in excess ctf 
the precipitant in the cold, imparting a pink tint to the fluid, 
hut if after the addition of ammouia in excess the mixture ia 
heated, the precipitation will be complete. 
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Carbonate of ammonium precipitates basic carbonate of 
miuBi, which redisaolves in a large excess of the pre- 
giitant. 

Carbonate of barium precipitates all the chromiimi as 

ydrate mixed with basic salt. The precipitation takes place 

the cold, but is complete only after loug digestion. 

8. K chloride of soda is added to a solution of chromium 

nd the mixture is boiled, the liquid turns yellow from the 

mnation of chromic acid, thus : — 

2CrCl3 + 3Na3Cl30 + 5HjO=2HjCrO, + 6NaCl + GHCl. 



Alaminlnm. 

WET KEACTIONS. 



1. Sulphide of ammonium throws down a bulky precipitate 
hydrate of aluminium (AlH^Og). 

2. Potash throws dowu hydrate of aluminium, which con- 
una potash and generally also some basic salt. The preci- 
itate dissolves readily in excess of the precipitant. From 

i solution in potash the aluminium is precipitated by ad- 
ion of chloride of ammonium and warming. Presence of 
nunoninm salts does not prevent the precipitation by potash. 
Ammonia produces a precipitate of hydrate of alumi- 
[om, which contains ammouia and some basic salt. The 
lipitate rediasolvea in a very considerable excess of the 
ipitant, but with difficulty only. Boiling favors the pre- 
pitatioo. 

Carbonate of ammonium precipitates basic carbonate of 
linium, which is slightly soluble in excess of the precipi- 
Boiling favors the precipitation. 

Carbonate of barium precipitates the aluminium upon 

^estion in the cold as hydrate mixed with basic salt, 

6. Phosphate of sodium precipitates phosphate of alumi- 

im (AlPOJ. The precipitate is bulky and dissolves readily 

potash, but not in ammonia ; chloride of ammonium there- 

»re precipitates it from its solution in potash. The precipi- 

ite dissolves readily in hydrochloric or nitric acid, but not in 

cetic acid (here it differs from the hydrate), therefore acetate 

sodium precipitates it from its solution in hydrochloric 

i, when there is not too much of the latter. 
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BAKIUM. STEONTIUM. CALCIUM. 
Barlam. 

DRY REACTION. 

1. Barium compounds color fiame yellowish-green. 

WET REACTIONS. 

2. Carbonate of ammonium tlirowa down carbonate of 
barium (BaCO,} in the form of a white precipitate. If the 
solution was previously acidj complete precipitation only takes 
place upon heating the fluid. lu chloride of araniomum the 
precipitate is soluble to a trifiiug yet clearly perceptible ex- 
tent; carbonate of ammonium therefore produces no precipi- 
tate in very dilute solutions of barium containing much chlo- 
ride of ammonium. 

3. Oxalate of ammonium produces a white pulverulent 
precipitate of oxalate of barium (BaCgO^+aq.), which is 
soluble in hydrochloric and nitric acida. When recently thrown I 
down, this precipitate diasoivea in osalic and acetic acids, ^ 
but the solutious speeddy deposit acid oxalate of barium . 
[BaHj(CjOj2+2aq.] in the form of a crystalline powder. 

4. Phosphate of sodium produces a white precipitate of. 
phosphate of barium (BaHPOJ, which is soluble in adds.* 
Chloride of ammonium dissolves the precipitate to a clearljr 
perceptible extent. 

5. Sulphate of calcium produces, even in very dilute solo* 
tions, a heavy, finely divided white precipitate of sulphate ^ 
barium (BaSO^), which ia insoluble in alkalies, nearly so i 
dilute acids, but perceptibly soluble iu strong boiling hydro- 
chloric and nitric acida, and in concentrated solutions 
ammonium salta. It ia, however, insoluble iu ammonium salta 
in presence of excess of sulphuric acid or sulphates. FroM 
highly ddute solutions, especially if strongly acid, the precipi- 
tate may take some time to form. 

6. Sulphuric acid produces the same precipitate. 

7. Bichromate of potassium gives a light yellow precipitate 
of chromate of barium (BaCrOJ, even in very dilute solutionf 
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[t dissolves readily in nitric and hydrochloric acids, and is re- 
[irecipitated by ammonia. The neutral cliromate of potassium 
behaves like the bichromate. 

Hydrofluosiiicic acid throws down silicofluoride of ha- 
rium (BaSiFg) in the form of a colorless crystalline quickly- 
mbsiding precipitate. In dilute solutions the precipitate is 
formed only afcer the lapse of some time; it is perceptibly 
loluble in hydrochloric and nitric acids. Addition of an 
equal volume of alcohol hastens the precipitation and makes 
it so complete that the filtrate remains clear upon addition of 
nlphuric acid. 

Stronttnm. 

DRY REACTION. 

1. Compounds of strontium color flame intensely red. 

WET RJ5ACT10NS. 

3. Carbonate of ammonium precipitates carbonate of stron- 
tium (SrCOj), The precipitate is even less soluble than 
carbonate of barium iu chloride of ammonium. 

Oxalate of ammonium produces a white precipitate of 
oxalate of strontium {SSrC^O^+Saq.), which dissolves readily 
in hydrochloric and nitric acids. It is perceptibly soluble in 
salts of ammonium, and sparingly soluble iu oxalic and acetic 

4. Phosphate of sodium precipitates phosphate of strontium. 
3. Sulphate of calcium, produces a precipitate of sulphate 

(tf strontium (SrSOJ. Even in strong solutions of strontium 

precipitate takes some time to form. The precipitate 

iBolves perceptibly iu hydrochloric and nitric acids. Presence 

considerable quantities of these acids most seriously impair 

deJicacy of the reaction. 

I. Sulphuric acid produces the same precipitate. When 
precipitated from concentrated solutions by dilute sulphuric 
tcid, it is at first amorphous and flocculent, then pulverulent 
and crystalline ; when precipitated from dilute solutions by 
£lute sulphuric acid or by sulphates, it is at once pulverulent 
Rnd crystalline. Heat favors the precipitation considerably. 
Idition of alcohol also promoter its separation. Sulphate of 
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strontium is inBolulale in a concentrated solution of sulphate 
ammonium even upon boiling. 

7. Bichromate of potassium does not precipitate solutii 
of strontium even when concentrated. The neutral chroi 
at first occasions no precipitation ; but on long standing, if 
solution is not very dilute, a light yellow crystalline precipitate 
of chromate of stroutium separates. The precipitate is slightly 
soluble in water, and readily soluble iu hydrochloric, nitric, 
and chromic acids. 

8. Hydroflvosilidc acid fails to produce a precipitate even 
in strong solutions of stroutium. Upon addition of an equal 
volume of alcohol no precipitation takca place, except in very 
concentrated solutions, 

Calclnm. 

DBY BEACTION. 

1. Compounds of calcium color _^ame yellowish- red. 

WET REACTIONS, 

2. Carbonate of ammonium precipitates carbonate of 
calcium (CaCO^). "When recently precipitated it is bulky and 
amorphous ; after a time, and immediately upon application 
of heat, it shrinks and becomes crystalline. When recently 
precipitated it dissolves pretty readily in chloride of ammonium; j 
but the solution soon becomes turbid, and deposits the greater I 
part of the dissolved salt iu the crystalline form, J 

3. Oxalate of ammonium precipitates oxalate of calcium ■■■ 
a white powder. If the solution is concentrated or hot I^H 
precipitate consists of CaC„0^-|- aq., and falls at once ; but if ti^| 
solution is very dilute and cold, the precipitate consists 3^^ 
CaC^Oj + aq. mised with CaC^O^+Saq., and forma only aftaTl 
some time- Oxalate of calcium dissolves readily in hydro^v 
chloric and nitric acids, but acetic and oxalic acids fail to di>f>l 
solve it to any pereeptible extent. I 

4. Phosphate of sodium precipitates phosphate of calcium, I 

5. Sulphate of calcium produces no precipitate in solutiontti 
of calcium. I 

6. Suip/titric acid produces immediately ia strong solaJ 
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ms of calcium a white precipitate of sulphate of calcium 
!aSO^ . HgO + aq.), which redissolves in much water and ia far 
ore soluble in acids. No precipitation takes place in dilute 
ilutions until addition of alcohol, when a precipitate forms at 
lee. Sulphate of calcium dissolves readily in a strong eolu- 
DU of sulphate of ammonium on boiling. 

7. Bichromate and neutral chromate of potassium are 
ithout action on salts of calcium. 

8. Hydrofiuosilicic acid does not precipitate salts of calcium. 



MAGNESIUM. POTASSIUM. SODIUM. AMMONIUM. 
HagnieBliun. 

■WET REACTIONS, 

1. Ammonia throws down from neutral solutions part 
the magnesium in the form of hydrate (MgHjO^) ; the precipi- 
tate is soluble in chloride of ammonium. 

Potash throws dowu hydrate of magnesium ; the sepa- 
ration is promoted by boiling. 

3. Baryta produces the same precipitate, 

4. Lime produces the same precipitate. 

5. Carbonate of ammonium produces no precipitate in pre- 
sence of cliloride of ammonium, except in very strong solutions. 

6. Oxalate of ammonium produces no precipitate in dilute 
solutions. In rather strong solutions crystalline crusts of 
various oxalates of magnesium and ammonium make their 
appearance after some time. In very strong solutions oxalate 
of ammonium speedily produces a precipitate of oxalate of 
magnesium (MgCjO^-|-2aq.) mixed with small quantities of 
oxalates of magnesium and ammonium. Chloride of am- 
monium, especially in presence of free ammonia, interferes with 
the formation of these precipitates, but will not in general 
prevent it. 

7. Phosphate of sodium precipitates phosphate of magnesium 
(MgHPO,-f?aq.). 

8. If chloride of ammonium and ammonia are added to 
solution of magnesium no precipitation takes place. If, then, 
phoi^ate of sodium is addedj a crystalline precipitate of 
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phosphate of magnesium and ammonium (MgNH^PO^+eaq.) 
falls, thus : — 

MgSO^ + NH^HO + Na^HPO^ = MgNH^PO^ + Na^SO^ + HgO. 

The separation of the precipitate is promoted by stirring 
with a glass rod. If the solution is too dilute for any preci- 
pitate to form in the usual manner, yet the lines in which the 
end of the rod has movdd on the vessel will after some time 
appear distinctly as white streaks. The streaks may be known 
from scratches by their solubility in hydrochloric acid. Water 
and ammonium salts dissolve the precipitate but very slightly. 
It is readily soluble in acids, even in acetic acid. In water 
containing ammonia it may be said to be insoluble. This re- 
action is exceedingly delicate. 

FotaAsiam. 

DRY REACTION. 

1. Compounds of potassiimi color flame violet. 

WET REACTIONS. 

2. Chloride of platinum produces in acid and neutral 
solutions a heavy yellow precipitate of chloride of potassium 
and platinum (KgPtClg), consisting of microscopic octahedrons. 
The experiment is conveniently performed in a watch-glass. 
In strong solutions the precipitate forms immediately ; in dilute 
solutions it may take a considerable time to form ; very dilute 
solutions are not precipitated. Alkaline solutions should be 
acidified with hydrochloric acid previous to the addition of the 
reagent. The precipitate is diificultly soluble in water; the 
presence of free acids does not increase its solubility ; it is in- 
soluble in alcohol. 

The most delicate way of testing for potassium is to evapo- 
rate the solution to be tested with the reagent nearly to dry- 
ness on a water-bath, and to treat the residue with a little 
water (or spirit), when the precipitate will remain undissolved. 

3. Tartaric acid produces in strong neutral solutions' a 
white crystalline precipitate of acid tartrate of potassium 
(KHC^H^Og), which quickly settles. Shaking and stirring pro- 
mote the precipitation. Dilute solutions are not precipitated. 
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Sodium. 

nitV REACTION. 

1. Sodium eompouiids color Jlame intensely yellow. 

WET EEACTIOSS. 

Chloride of platinum produces no precipitate in acid or 
Iteutral solutionB. 
3. Tartaric acid produces no precipitate. 

Ammonium. 

DRY REACTION. 

1. Ammonium compounds are volatile. 

WET REACTIONS. 

2. Chloride of platinum produces in acid and neutral solu- 
tions a heavy yellow precipitate of chloride of ammonium and 
platinum [(NH^)gPtClj], consisting of microaeopic octahedrons, 
"Weak solutions are not precipitated. 

3. Tartaric acid produces in strong neutral solutions a 
white crystalline precipitate of acid tartrate of ammonium 
(NHjHC^Hpj. 

4. K an ammonium salt is heated with potash or lime, 
ammionia is given off, which may be recognised by its smell or 
,by its action on test-paper. 

For general purposes it is best to put a small quantity of 
the substance to be tested (whether solid or liquid it does not 
matter) in a teat tube, to add a c.c. of potash, and warm with 
the thumb on the mouth of the tube, then to sniff the gaseous 
contents of the tube up one nostril, the other being closed. 

For detecting minute quantities of ammonium, put the suh- 
Btance in a small beaker with a little dry hydrate of calcium 
and a little water, cover the beaker with a watch-glass having 
R- slip of moist turmeric paper adhering to it, and apply a 
gentle heat. The escaping ammonia will color the paper brown, 
"^ith very small quantities of ammonia this reaction takes 
time. 
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For detecting traces of ammonia^ tlie following two re- 
actions may be recommended. 

5. When to a neutral solution containing a trace of an 
ammonium salt a drop of mercuric chloride is added^ and then 
a few drops of carbonate of sodium, a precipitate consisting of 
NHgHgCl . HgO faUs, thus— 

2NH4HO+4HgCl2-t3Na2C03=2(NH2HgCl . HgO) 

+ 6Naa + 3H5jO-h3C03 

Of course the quantities of the mercury and sodium salts 
must not be enough to produce a yellow precipitate of them- 
selves. 

6. Nessler^s Test. K Nessler's solution (p. 11) is added 
to a fluid containing an ammonium salt^ a brown precipitate 
or yellow coloration is produced according to the quantity of 
ammonia present. The precipitate consists of NHggI . HgO. 
The change may be expressed thus : — 

2K^Hgl^ + 3KH0 + N H^HO = NHg^I . H^O + 7KI + SHgO 



65 



SEPARATION OF THE METALS. 



Referring to page 25, we will suppose that a solution con- 
taining all the common metals has been treated as there indi- 
cated, and that thus the several metallic constituents have been 
separated into groups. 

We shall now show how in each of these groups the indi- 
vidual members may be separated from each other, and detected. 

Group Z. 

Precipitated by hydrochloric acid. 

The precipitate is washed : it contains — 

Silver chloride (AgCl). 
Mercurous chloride (HgCl). 
Lead chloride (PbClg). 

It is treated three times on the filter with hot water. 

The filtrate contains the lead chloride. It is mixed with 
sulphuric acid ; a white precipitate of sulphate of lead indicates 
lead. 

The residue is washed with boiling water. It contains the 
mercurous and silver chlorides. It is treated with ammonia 
and filtered. 

The filtrate* contains the silver. It is mixed with excess of 
nitric acid when the chloride of silver will be reprecipitated. 

The residue is black. This indicates the presence of monad 
mercury. 

The lead is not completely precipitated in this group. Small 
quantities, therefore, always remain in solution; they are 
completely thrown down by the sulphuretted hydrogen in the 
next group. 

* This is sometimes turbid from presence of a basic salt of lead. The 
turbidity may be disregarded as it is soluble in nitric acid. 
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Group ZZ. 



Precipitated by hydromlphuric add,* in the acid solution, after 

removal of Group I. 

The precipitate is washed : it contains — 

Division I. 

Lead sulphide (PbS). 
Mercuric sulphide (HgS), 
Bismuth sulphide (BigSg). 
Copper sulphide (CuS). 
Cadmium sulphide (CdS). 

Division II. 

Tin sulphide (SnS or SnSg). 
Antimony sulphide (SbgSg). 
Arsenic sulphide (AsgSg). 

It is warmed with yellow sulphide of ammonium, and filtered. 

Division I. 

The residue is washed. It contains the sulphides of 
Division I. It is removed to a test-tube, boiled with strong 
nitric acid, diluted and filtered. 

The residue is black. It is the mercuric sulphide. (It may 
contain also some sulphate of lead.) It is dissolved in strong 
hydrochloric acid with the addition of a little chlorate of po- 
tassium. The solution contains mercuric chloride ; on mixing 
it with stannous chloride, the dyad mercury will be precipitated 
as mercurous chloride or in the metallic state. 

The filtrate from the mercuric sulphide contains the lead, 
bismuth, copper, and cadmium, as nitrates. It is mixed with 
sulphuric acid, evaporated nearly to dryness on a water-bath, 
diluted slightly, and filtered. 

The residue is sulphate of lead. To prove this, treat it 
with bichromate of potassium, and warm, which will convert it 
into chromate of lead ; wash this, add a little potash, and heat, 

* For separating we generally pass the gas through the flnid, as adding 
the solution of hydrosulphnric acid would dilute it too much. 
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the precipitate will dissolve; on acidifying the solution with 
acetic acid, the chromate of lead will be reprecipitated. 

The filtrate from the sulphate of lead is treated with am- 
monia in exccBB, and filtered. 

The precipitate is liydraie of bismuth ; this may be proved 

by dissolving it in a drop or two of hydrochloric acid on a 

watch-glass, and adding water, which will produce a milkincRs. 

The ammoniacal filtrate from the bismuth contains only 

copper and cadmium. 

Copper will be indicated generally by the blue color of the 
fluid. If the solution is very dilute, it may be necessary to 
coneenti'ate it by evaporation to bring out the color ; of course, 
if all the excess of ammonia has been driven off in the evapo- 
ration, more must be added. 

The cadmium must be separated from the copper before it 
can be detected. To this eud, the filtrate from the bismutli 
is mised with hydro sulphuric acid, and filtered. The precipi- 
tate contains both the metals as sulphides ; it is boiled with 
dilute sulphuric acid, and filtered. The residue is sulphide of 
copper. The filtrate contains the cadmium as sulphate; on 
adding hydrosulphurie acid to it, the yellow sulphide of 
cadmium wilt be thrown down. 

Division II. 

The sulphide of ammonium solution contains the tin, anti- 
mony, arsenic, and a little copper. It is mixed with excess 
of hydrochloric acid, and filtered. The precipitate is washed : 
it contains all the metals as sulphides. It is dried on the 
filter, and divided into three portions. 

The first portion is tested for tin and antimony as follows. 
It is boiled with strong hydrochloric acid, diluted a little and 
filtered. The filtrate contains the tin and antimony; it is 
transferred to a platinum crucible lid, and a little piece of 
zinc plate is added to it. The antimony will show itself at 
once by staining the platinum black; the tin will be reduced 
to the metallic state. On taking out the zinc, washing off 
■ any adhering tin back into the platinum crucible lid, and 
pouring away the solution, the residual tin may be dissolved 
by boiling with strong hydrochloric acid, and maybe detected 
ip, the solution by the addition of mercuric cLloride. 
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The second portion is examined for arsenic by fiising with 
cyanide of potassium and carbonate of sodium in an ignition- 
tube. 

The third portion may be examined for copper by boiling 
with a few drops of strong nitric acid, adding ammonia, and 
filtering if necessary. A blue color will indicate copper. 

Group ZZZ. 

Precipitated by ammonia and sulphide of ammxmium in presence 
of chloride of ammonium after the removal of the previous 
Groups, 

The precipitate is washed : it contains — 

Nickel sulphide (NiS). 
Cobalt sulphide (CoS). 
Iron sulphide (FeS). 
Manganese sulphide (MnS). 
Zinc sulphide (ZqS). 
Chromium hydrate (CrHgOg). 
Aluminium hydrate (AIH3O3). 

It is treated with dilute hydrochloric acid, well stirred or 
shaken (but not heated), and filtered. 

The residue is washed. It contains nearly the whole of the 
nickel and cobalt sulphides. The cobalt may be foimd at once, 
even if there is a very large proportion of nickel present, by 
testing a small portion in the borax bead. The nickel must 
be separated from the cobalt before it can be detected. This 
is done as follows. The filter containing the residue is dried 
and incinerated (see p. 21), and the ash is dissolved in a few 
drops of aqua regia, diluted and filtered. The solution 
contains the metals as chlorides; it is nearly neutralized) with 
potash, and nitrite of potassium and acetic acid are added, the 
latter to strongly acid reaction. After standing a long time, 
the cobalt separates completely in the form of the yellow pre- 
cipitate. On filtering this off, and adding potash to the 
filtrate, hydrate of nickel is precipitated, which may be tested 
by the borax bead. 

The filtrate from the nickel and cobalt sulphides contains 
the rest of the metals as chlorides (the iron being in the form 
of ferrous chloride), and also traces of nickel and cobalt. It 
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i mised wltt a little strong nitric acid, and boiled, to convert 
be ferrous chloride into ferric chloride. It is then nearly 
Butrulized icith potash, mixed with excess of carbonate of 
lariuni in the cold, and filtered. 

The precipitate is well washed. It contains the iron, 
liTomium, and aluminium, as hydrates mixed with basic 
hlorides, together with the excess of carbonate of barium. It 
S tested separately for each of the metals. One portion is 
lisaolved in hydrochloric acid, and mixed with sulphocyanide 
if potassium ; a red color indicates iron. Another portion is 
[wiled with potash, and filtered; the filtrate contains the 
tiuminium, which may be thiown down aa hydrate by the 
Edition of excess of chloride of ammonium, and boiling. A 
^ird portion is boiled with chloride of soda, and filtered; the 
iiltrate contains the chromium as chromic acid, which betrays 
itself by the yellow* color of the fluid. 

^ Tlie filtrate from the carbonate of barium precipitate 
Bontains the zinc and manganese as chlorides, and also chloride 
!)f barium. It is mixed with sulphui-ic acid to precipitate the 
^arium, filtered through charcoal to remove the finely divided 
lnlphatc of barium, evaporated to a small bulk, mixed with 
potash, and filtered. 

The precipitate contains the manganese as hydrate, and the 
liraces of nickel and cobalt originally dissolved by the hydro- 
Biloric acid. It is tested with a bead of carbonate of sodium 
ind a little nitre before the blowpipe. A green bead indicates 
Tianganese. 

The filtrate from the manganese contains the zinc. It is 
aixed with hydrosulphuric acid ; a white precipitate indicates 
tine. 

Oronp IV. 

Precipiiated by carbonate of ammonium in presence of chlo- 
ide of ammonium, after the removal of the previous Groups. 

The precipitate is washed : it contains — 
Barium carbonate (BaCOg) 

* If the precipitate produced by carbonate of barium bad not been well 
Irashed, the filtrate here raigbt liaTe been pink from, the formation of 
lermantfanic acid. The latter may be destroyed by boiling with alcohol ; 
n filtering off the brown oxide of mangaaeBe formed, the yellow tint of 
and wiU be visible. 
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Strontium carbonate (SrCOj) 
Calcium carbonate (CaCOg) 

It is dissolved in hydrochloric acid. The solution contains 
the metals as ctilorides. It is evaporated to dryness, treated 
with alcohol (a pestle being used to bring the flnid well in 
contact with the chlorides), and filtered. 

The residue contains the greater part of the chloride 
barium. It is dissolved in water, and mixed with a considerable 
bulk of sulphate of calcium ; an immediate precipitate indi- 
cates barium. 

ITie alcoholic filtrate from the chloride of barium containi 
the strontium, calcium, and traces of barium, as chlorides 
is mixed with sulphuric acid and filtered. The precipitate 
contains all the metals as sulphates. It is boiled with a concen. 
trated solution of sulphate of ammonium and a little 
for some time, and then filtered. 

The residue consists of sulphate of strontium and the traces 
of sulphate of barium. 

The filtrate contains the sulphate of calcium. It is largely 
diluted and mised with oxalate of ammonium ; a precipitate 
indicates calcium. 

Traces of barium and still smaller traces of calcium may 
escape precipitation in this Group. The filtrate from the car- 
bonate of ammonium precipitate should therefore be tested fat 
these metals as follows. Ooc portion should be mixed with 
sulphate of ammonium ; a turbidity indicates barium. Another 
portion should be mised with oxalate of ammonium, 
allowed to stand for some time ; a turbidity indicates calcium^ 



Grotip V. 

Left in solution after the removal of the previous Groups, 

As just mentioned, the present solution may contain traces 
of barium and calcium which should be removed before the 
examination for the members of this group is proceeded with. 
This removal is efl'ectcd by mixing the solution with sulphate 
and oxalate of ammoDiumj allowing to stand for some time 
and filtering. 
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The solution contains — 

Magnesiuin 

Potassium 

Sodium 

Ammonium. 

Besides ammoniam salta, added to precipitate the previoua" 
groupa. 

A small portion is mixed with phosphate of sodium, and 
well stirred; a crystalline precipitate indicates magnesium. 

The rest of the solution is to be examined for potassium 
and sodium. It must, however, first lie freed from magnesium 
and ammonium, as follows. It is evaporated to dryness, and 
ignited till white fumes cease to be evolved {i.e., till all the 
ammonium salts are driven off). The residue is treated with 
a little water, warmed, and mi\ed with milk of lime* (or baryta 
water) till the reaction is strongiy alkaline, boiled and filtered. 
The magnesium is thus removed. The filtrate containing the 
potassium and sodium and excess of lime (or baryta) is mixed 
with carbonate of ammonium, gently warmed, and filtered. 
The filtrate is evaporated with a little chloride of ammonium 
(to convert alkalies or alkaline carbonates into chlorides) to 
dryness, gently ignited, and dissolved in a little water. 

The solution contains the potassium and sodium in a concen- 
trated form. One portion is mised with chloride of platinum ; 
a precipitate indicates potassium. Another portion is tested in 
the Bunsen fiarae on a clean platinum wire ; a yellow flame 
indicates sodium. 

It is useless to test for ammonium with the other members 
of this group, as the solution has been mixed with ammonium 
salts in the precipitation of ttie previous groups. For this pur- 
pose, then, some of the original solution is boiled with potash ; 
a smell of ammonia indicates ammonium, 

* Freed from alltitlies by repeated boiling witt freah quantities of 
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Group ZZ« 

Division II. 
Separation of Antimony, Arsenic, and Tin, 

1. The mixeisulpkides are dried, mixed with one part of pure 
dry carbonate of sodium and three parts of nitrate of sodium, 
and fused in a porcelain crucible at a gentle heat. The heat 
must not be too strong, nor must the fusion be continued too 
long, or some hydrate of sodium may be produced, and a soluble 
stannate of sodium formed. The fused mass is poured out on- 
to a clean stone and powdered finely. It contains the tin as 
stannic oxide, the antimony as antimoniate of sodium, the 
arsenic as arseniate of sodium, thq excess of carbonate and 
nitrate of sodium, and also sulphate and nitrite of sodium. It 
is treated with cold water and filtered. 

The filtrate contains the arseniate of sodium, and the car- 
bonate, nitrate, sulphate, and nitrite of sodium. In order to 
detect the arsenic, it is acidified with nitric acid, warmed to 
remove carbonic anhydride, mixed with nitrate of silver, and 
filtered, if necessary, from chloride of silver. On inclining the 
test-tube and pouring some ammonia diluted with ten parts of 
water down the side onto the top of the solution, a red cloud 
of arseniate of silver will be seen where the two fluids meet. 

The residue is washed with dilute spirit (1 alcohol, 3 water). 
It contains the stannic oxide and the antimoniate of sodium. 
It is transferred to a platinum crucible lid ; on adding a piece 
of zinc and some hydrochloric acid, and gently warming for a 
little time, the tin and antimony will be more or less reduced 
to the metallic state. 

The antimony will at once betray its presence by blackening 
the platinum. 

The tin is detected by removing the excess of zinc, pouring 
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iff the fluid, boiling the residue with strong hydrochloric acid, 
dUiitiog and filtering. The filtrate contains stannous cldoride j 

m mixing it with mercuric chloride in excess, a white precipi- 
tate of merciiroiia chlpride is formed, indicating the presence 
of tin. 

:. The mixed sulphides are freed from the greater quantity 
of adhering water by laying the filter containing them on 
blotting paper, then transferred to a test-tube and treated 
with strong hydrochloric acid at a gentle beat. The sulphides 
of antimony and tin dissolve, while the sulphide of arsenic is 
left almost completely undissolved. 

If the residue is considerable, it is dissolved in a few drops 
of strong nitric acid, and mixed with nitrate of silver, and then 
some very dilute ammonia ia poured onto the top of the 
solution. If it ia very minute, it may be dissolved in ammonia, 
evaporated to dryness with carbonate of sodium, mixed with 
i^anide of potassium, and heated in a current of carbonic 
acid (p. 41, 2). 

The solution containing the antimony and tin is put into a 
platinum crucible lid with zinc, the metals being detected as 
described in 1. Or if a large excess of antimony is present, 
the solution may be mixed with an excess of solution of 
common solid carbonate of ammonium and boiled. The tin 
will be precipitated with a little of the antimony, and may be 
more readily detected by the method described in 1. 

3. The mixed sulphides are digested at a gentle heat with 
Bome common solid carbonate of ammonium and water ; the 
sulphide of arsenic dissolves, while the sulphides of antimony 
and tin remain undissolved. This separation, however, is not 
absolute, as traces of antimony are apt to pass into solution 
while a little sulphide of arsenic remains in the residue. 

The solution is acidified with hydrochloric acid, which 
teprecipitatcB the sulphide of arsenic. If the latter consists 
only of a few flakes, it should be washed, dissolved in am- 
monia, evaporated with carbonate of sodium, and heated 
■with cyanide of potassium in a stream of carbonic acid 

(p-«, a.) 

The residue insoluble in earbonate of ammonium is dissolved 
in hydrochloric acid and treated as in 1. 
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4. The sulphides are dissolved in sulphide of potassimH^B 
then treated with a large excess of strong solution of sulphurousfl 
acid, digested for some time on the water-bath, boiled till all ] 
sulphurous acid is expelled, and filtered. 

'ITie filtrate contains all the arsenic, as arsenious acid, which I 
may be precipitated by hydrosulplmric acid, 

llie residue containing the antimony and tin sulphides is 
dissolved iu atroLg hydrochloric acid and treated as in 

5, The oxides are fused with hydrate of sodium ii 
crucible; the mass is treated with water, and then alcohol ii 
added to the amount of one-third the volume of the watCT. 
The mixture is filtered. 

The residue is washed with weak spirit mixed with a few 
drops of carbonate of sodium. It contains the antimony in 
the form of antimoniate of sodium. In the presence of muc^ 
tin it is advisable to subject the residue to a repetition of the 
above treatment, in order to separate the whole of the tin. 

The filtrate contaiua the tin and arsenic. It is acidified 
with hydrochloric acid, and the metals are then precipitated 
by hydrusulphuric acid with the aid of heat. On beating the 
precipitate in a stream of sulphuretted hydrogen the whole of 
the tin is left as sulphide, while the sulphide of arsenii^' 
volatilizes, and may be received iu ammonia. 

Separation of AtUimony and Arsenic when they are evolved at 



One method has been given, p. 46. Another method is ai 
follows 1 — 

The gas is passed slowly through a tube containing brokea 
glass moistened with dilute solution of acetate of lead, to retain 
hydrochloric and hydrosulpburic acids, and then into solutioa 
of nitrate of silver. Tlie antimony in the gas is almost com- 
pletely precipitated aa black antimouide of silver (SbAg^j 
while the arsenic passes into solution as arsenious aci 
metallic silver being thrown down at the same time. Thi 
mixture is filtered. 

The solution contains the arsenic as arsenious acid, a littllj 
of the antimony, nitric acid, and the excess of uitrate of silver, 
It is mixed with hydrochloric acid and filtered to remove silvf 
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then treated with hydrosulphuric acid. The precipitate con- 
taining the arsenic and traces of antimony is fused with car- 
1)onate of sodium and cyanide of potassium as directedjp. 4!l, 3. 
The residue is thoroughly freed from the arsenious acid by 
being boiled with water. It contains the antimonide of silver 
mixed with silver. It is boiled with tartaric acid solution, 
and filtered. The filtrate contains the antimony, which is 
detected by adding hydroehloric acid and hydrosulphuric acid. 



Separation of Nickel and Cobalt. 

The slightly acid solution is mixed with hydrocyanic acid 
and potash* till the precipitate which first forms is rediasolved. 
The solution contains now cyanide of nickel and potassium 
(NiKgCyJ, and cyanide of cobalt and potassium (CoK^CyJ, 
with excess of potash and hydrocyanic acid. It is boiled for 
some minutes ; if a precipitate forms, more hydrocyanic acid 
and potash are added. The solution contains now the cyanide 
of nickel and potassium unaltered, and eohalti cyanide of 
potassium (KjCoCyg). It is mixed with excess of chloride of 
soda, boiled again {the solution should be alkaline), and filtered. 
The precipitate is washed ; it consists of sesquioxide of nickel, 
and is to be tested in the borax bead. The filtrate contains 
the cobalt as cobalticyanide of potassium. 

Oronp IV. 

Separation of Calcium and Strontium, 

The carbonates are dissolved in nitric acid and evaporated 
to dryness. The residue is powdered, digested for some time 
■with absolute alcohol and ether, and filtered. 

The residue is nitrate of strontium. It is dissolved in a 
little water, and mixed with sulphate of calcium. 

The filtrate contains the calcium as nitrate ; it is precipitated 
with sulphuric acid. The precipitate when treated with water 
should give a solution, which is precipitated at once by oxalate 
of ammonium. 

• Hydrocyamcacidandpotasliareufiedinsteaiiof cyanide of potassium, 
I as the latter ie often too impure. 
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Separation of Barium, Strontium, and Calcium, when mixed as 

Sulphates, 

The sulphates are digested in the cold for twelve hours with 
carbonate of ammonium, or boiled for ten minutes with a 
solution of one part of carbonate and three parts of sulphate 
of potassium. The mixture is then filtered. The residue is 
washed. It contains the strontium and calcium in the form 
of carbonates, and the barium as the original sulphate, with 
the exception of a minute trace. On treating the residue with 
hydrochloric acid, the 9t]^tium, calcium, and trace of barium 
dissolve, while the sulphate pi barium remains behind^ and 
may be fused with carbonate of potassium and sodium. 

Decomposition of the Phosphates of Barium, Strontium, and 

Calcium, 

The phosphates are dissolved in hydrochloric acid; the 
solution is nearly neutralized, mixed with ferric chloride and 
excess of acetate of sodium, and boiled. The mixture is then 
filtered hot. The precipitate contains the phosphoric acid. 
The filtrate contains the barium, strontium, and calcium. 

Detection of traces of Barium and Strontium in presence of a 

large amount of Calcium, 

Ignite two or three gi'ammes of the mixed carbonates for a 
few minutes in a platinum crucible over the bellows blowpipe/ 
boil the residue with a little water, filter, evaporate the 
filtrate with hydrochloric acid to dryness, and examine the re- 
sidue by the spectroscope. 

* The carbonates of bariuiii and strontinm a.re reduced to the canstic 
state much more readily in the presence of carbonate of calcium than they 
otherwise would be. 



n 



REACTIONS OF THE ACIDS. 



ARRANGEMENT OF THE ACIDS. 

The acids may be arranged as follows :— 

Acids which are precipitated by nitrate of silver in 

PRESENCE OP nitric ACID 

Hydrosulphuric acid. 
Hydrochloric acid. 
Hydrobromic acid. 
Hydriodic acid. 

Acids whose salts deflagrate''^ on charcoal — 

Nitric acid. 
Chloric acid. 

Acids which cannot be classed — 

Boracic acid. 
Carbonic acid. 
Chromic acid. 
Hydrofluoric acid. 
Phosphoric acid. 
Silicic acid. 
Sulphuric acid. 

HydroBulphurio Acid. 

DRY reaction. 

1. Some sulphides when heated in an ignition-iube give a 
sublimate of sulphur. 

WET reactions. 

2. Nitrate of silver gives a precipitate of sulphide of silver 
(AggS) insoluble in dilute acids. 

* To deflagrate is to bum suddenly and with sparks. 



3. Acetate of lead gives a precipitate of sulphide of '. 
(FbS), insoluble in dilute acidit, 

4. Many sulphides, wheu heated with dilute hydrocld 
acid, evolve hydrosulphuric acid, which may he recognised 
its charaeteriatic Bmell, and by its blackening a piece of paper 
moistened with acetate of lead. 

Certain sulphides, as iron pyrites and copper pyrites, which 
are not readily acted on by dilute hydrochloric acid alone, will 
give abundance of hydrosulphuric acid ou the addition of » 
piece of zinc. 

BTdrocUorlo Acid. 

WET REACTIONS. 

1. Nitrate of silver produces a white precipitate of chloride 
of silver (AgCl), which upon exposure to lifsht turns first violet 
and then black. It is insoluble in dilute nitric acid, but dioi 
solves readily in ammonia and in cyanide of potassium. Q 
fuses without decomposition when heated. 

2. Acetate of lead produces a precipitate of chloride ( 
lead (PbClj). It is soluble in a large amount of water, espe- 
cially if boiling. 

3. Strong sulphuric acid, heated with dry chlorides, c 
an evolution of hydrochloric acid gas which has a pungcmi 
smell and gives white fumes in the air. Chlorides of mercuj 
and tin are not thus decomposed. 

4. Binoxide of manganese and sulphuric acid, heated wit 
a chloride, cause an evolution of chlorine, which may 1 
readily recognised by its odor, its color, and its bleachinj 
action upon moist litmus paper. 

5. Bichromate of potassium and stro«ff sulphuric acid, heated 
gently in a retort with a dry chloride, cause an evolution oj 
chlorochromic acid (CrO^Cl,,), which appears as a brownish-re 
gas, and may be condensed in a receiver. On mixing chlorc 
chromic acid with ammonia in excess, a yellow- colored liquid 
is obtained, thus — 

Cr05Clj + 4NH^HO=(NH,)jCi-0^ + 2NHp + 2H30. 

6. Insoluble chlorides are fused with carbonate of potassium 
and sodium. On treating the fused mass with water, the chl* 
rine dissolves in the form of alkaline chloride. Chloride o 
silver may be couveuiently decomposed by allowing it to ata 
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■for some time in contact with zinc and dilute sulphuric acid ; 
the silver will he reduced, and the solution will contain chlo- 
ride and sulphate of zinc. 

Hrdrobromlc Acid. 

WET REACTIONS. 

1. Nitrate of silver produces a yellowish- white precipitate 
of bromide of silver (AgBr), which turus grey upon exposure 
to light. It is iusoluhle in dilate nitric acid, and somewhat 

■ sparingly soluble in ammonia, hut dissolves with facility in cya- 
nide of potassium. 

2. Nitrate of palladium (but not chloride of palladium) pro- 
dncea in neutral solutions a reddish-brown precipitate of bromide 
of palladium (PdBrj). In strong anlutious it is formed immedi- 
ately; in dilute solutions, it does not appear till after some time. 

3, If a solution of a bromide is mixed with hydrochloric 
acid, and a drop or two of chloride of soda* is then added, 
bromine will be liberated and tinge the fluid yellow. On 
adding enough bisulphide of carbon to form a large drop at 
the bottom of the tube, closing the month of the latter with 
your thumb and shakiug well, the bromine will be dissolved 
"by the bisulphide and the color wit! be more apparent. With 
1 part of bromine in 1000 parts of water, the drop of bisulphide 
acquires a reddish-yellow tint ; with 1 part of bromine in 
80,000 parts of water, a pate yellow tint will be distinctly 
discernible. 

Excess of chloride of soda must be avoided, as the chlorine 
formed would recombine with the bromine and prevent it from 
coloring the bisulphide. 

If the solution of bromine in bisulphide of carbon is mixed 
with potash shaken and warmed, the color disappears, aud the 
aqueous solution now contains the bromine in the form of 
bromide and hromate of potassium. By evaporation and igni- 
tion the whole is converted into bromide of potassium, aud may 
be tested by 6. 

4, If a solution of a bromide is mixed with hydrochloric 
acid aud nitrite of potassium is added, no bromine is liberated. 
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5. Strong sulphuric acid heated with a dry bromide causes f c 
an evolution of bromine. 

6. Binoande of manganese and sulphuric add, heated vitli 
a bromide, cause the evolution of bromine. The presence of 
chlorides interferes with this reaction ; their influence may be 
lessened by adding water and reducing the quantity of sul- 
phuric acid. Traces of bromine are best detected in this way 
by gently heating the mixture in a small beaker, covered with 
a watch glass, to which a slip of paper moistened with starch 
paste is attached. The starch will be colored yellow. 

7. Bichromate of potassium and sulphuric acid distilled 
with a bromide yield bromine, which appears as a brownish- 
red gas and condenses in the receiver. It may be known 
from chlorochromic acid by giving a colorless fluid when super- 
saturated with ammonia. 

8. Insoluble bromides are treated like insoluble chlorides. 
Bromide of silver may be decomposed like chloride of silver. 

Bydriodic Acid. 

WET REACTIONS. 

1. Nitrate of silver produces a yellowish-white precipitate 
of iodide of silver (Agl), which blackens on exposure to light. 
It is insoluble in dilute nitric acid, very sparingly soluble in 
ammonia, readily soluble in cyanide of potassium. 

2. Chloride of palladium (and nitrate of palladium) pro- 
duces a dark brown precipitate of iodide of palladium (Pdig), 
which dissolves to a trifling extent in saline solutions, but is 
insoluble in dilute hydrochloric and nitric acids. 

3. If a solution of an iodide is mixed with hydrochloric 
acid, and a drop or two of chloride of soda is then added, 
iodine will be liberated. On adding enough bisulphide of 
carbon to form a large drop at the bottom of the tube, closing 
the mouth of the latter with your thumb and shaking well, 
the liberated iodine will be taken up by the bisulphide, which 
will acquire a beautiful purple color. 

If instead of the bisulphide some starch solution''^ is added, 
the fluid acquires a fine blue color. This color is destroyed 

* Made by shakiiig a little starch with plenty of water, and boiling. 



REACTIONS OF THE ACIDS. 81 

heat, therefore the fluid ehoiild be cold. The delicacy of 
his reaction with starch is impaired by the presence of cer- 
n salts, such as alkaline sulphates, &c. 
Excess of chloride of soda must be avoided, as the chlorine 
would reeombiiie with the iodine, and prevent it from giving 
color with either the bisulphide or the starch. 
4. If a solution of an iodide is mixed with hydrochloric 
acid, and a drop or two of nitrite of potassium is added, the 
iodine is liberated, and may be detected by bisulphide of carbon 
or solution of starch, as in 3. 

Excess of nitrite of potassium does no harm. This test is 
therefore preferable to 3. 

Strong sulphuric acid Heated with dry iodides causes an 
evolution of purple vapors of iodine. 

Binoxide of manganese and sulphuric acid heated with 
iodides cause an evolution of iodine. 

Bichromate of potassium and sulphuric acid heated with 
iodides cause an evolution of iodine. 

If sulphate of copper is mixed with a neutral solution of 

an iodide, and then sulphurous acid is added till the brown 

color produced by the liberated iodine is removed, the iodine 

thrown down as cuprous iodide (Cul) in the form of a dirty- 

vhite precipitate. 

2CuSO^+2KI + H3SO3 + np=2Cul + K:,S0, + SH^SO^. 

Chlorides and bromides are not precipitated in this manner. 

9. Insoluble iodides are treated like insoluble chlorides. 
The process given for decomposing chloride of silver answers 
equally well for decomposing iodide of silver. 

Xltrlc Acid. 

DRY REACTIONS. 

If a nitrate is heated on charcoal, deflagration takes 
place ; the charcoal burning at the expense of the oxygen in 
the nitrate. 

If a mixture of a nitrate with cyaniSe of potassium in 
powder is heated on platinum- foil, deflagration takes place. 
Very small quantities of nitrates may be detected in this 
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WET REACTIONS. 

3. Slronff svlphuric acid heated with nitrates causes 
evolution of fumes of nitric acid. 

4. If a solution of a nitrate is mixed with a cold strong 
solution of ferrous sulphate, and the test tube being held 
slanting position, strong sulphuric acid is gently poured down 
to the bottom, so that it may not mix with the solution, then 
a purple or hrown color will mark the plane of contact of the 
two fluids. The following expresses the change which takn 
place: 

6FeS0^+3H3S0^ + 2HN03=3Fej(S0,)B + 4H,O + 3NO. 
The nitric osidc dissolving in the exceaa of ferrous sulphate, 
gives the color.* 

5. Copper filings and strong sulphuric acid heated with ft 
nitrate liberate nitric oxide, thus — 

2KNOg + Cu, + 4HjSO,=K3SO^+3CuSO, + 4HjO + 2NO. 
The nitric oxide mixing with the air in the tube impart; 
red color to it, from tlie formation of nitric peroxide. 

6. Solution of indigo, boiled with hydrochloric acid, and a 
solution of a nitrate, is decolorized. When just enough indigo 
ia used lo give a blue color before the addition of the nitratej. 
the reaction is very delicate ; it is, however, not characteristio, 
as several other substances besides nitric acid {chlorine, iot, 
instance) decolorize indigo. 

7. A little bmcia dissolved in strong sulphuric acid, when 
added to a small quantity of a solution of a nitrate, gives &•' 
fine red color. This reaction is very delicate. 

8. Dissolve one part of carbolic acid in four parts of strong 
Bulphurie acid, and add two parts of water. A drop or two 
of this fluid added to a solid nitrate (e. g., to the residue ob- 
tained by evaporating a few drops of well-water containing 
nitrates) gives a reddish-brown color, trom the formation of a 
nitro- com pound. On addition of a drop or two of strong 
ammonia, this color turns yellow, sometimes passing through 
a green shade. A very delicate reaction (H. Sphenoel) 

9. Very minute quantities of nitric acid may be detected 

* A similar reaction ia oliBerved in preaenoe of aeleniouB acid, but i 
loixiug the Hoids, and alloning to staiu^ red Beleniam separates. 
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reSucif^ il first lo nitrous acid. The solution ia heated for 
Bome time with zinc araalgain, and filtered. On adding huU 
phuric acid, iodide of potassium, and starch solution, a blue 
color 18 produced (see Reactions of nitrous acid). 

10. Free nitric acid may be detected by evaporating in a 
porcelain dish to dryness on a water-bath, with quill cuttings. 
These will be colored yellow. 

Chloric Aofd. 

DUy BEACTIONS. 

1. Chlorates deflagrate, when heated on charcoal, fax more 
violently than nitrates. 

2. Heated on platinum-foil with cyanide of potassium, 
chlorates detonate violently. Only minute quantities should 
"be used in this experiment, 

WET REACTIONS. 

3. A few drops of strong sulphuric acid added to a small 
quantity of a chlorate liberate peroxide of chlorine, thus — 

3KCIO3 + 2H3SO,= 2C10g + KClO^ 4- 2KHS0^ + H^O. 
The peroxide of chlorine colors the sulphuric acid intensely 
yellow, and betrays itself also by its odor and greenish color. 
The experiment should be performed in a watch-glass, and 
application of heat should be avoided, or an explosion might 
take place. 

4. If a solution of a chlorate is colored light-blue with 
indigo solution, and a little dilute sulphuric acid is added, and 
then sulphurous acid, the blue color at once disappears. The 
cause of this equally delicate and characteristic reaction is 
that the sulphurous acid reduces the chloric acid, and the 
product of the reduction decolorizes the indigo. 

5. If a chlorate is warmed with hydrochloric acid, water, 
chlorine, and chlorochloric anhydride (2ClaOj , CljOj), are 
formed. The teat-tube becomes filled with a greenish-yellow 
gas of a very disagreeable odor, resembling that of chlorine ; 
the hydrochloric acid acquires a greenish-yellow color. If the 
hydrochloric acid is colored blue with indigo, the presence of 
a very minute quantity of chlorate will suffice to destroy the 
color, * 
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6. If a chlorate is mixed vith carbonate of sodtnni and 
i^iited, oxygen is given off, and a chloride rematuH. On diB- 
aolviug the reaidne, acidifying with nitric acid, and adding 
nitrate of silver, a precipitate of chloride of silver will be 
obtained. 

Boraolc Add. 



1. Boracic acid tinges the Bunsen flame green, Borates, 
when fused with carbonate of sodium in the flame of the 
spectroscope, give seieral characteristic lines. 

2. If a substance containing boracic acid is reduced to a 
fine powder, mixed on a piece of paper with a drop of water 
and three parts of a mixture of acid sulphate of potassium and 
fluoride of calcium,* and exposed in the loop of a platinum 
wire to the blowpipe flame, fluoride of boron escapes, and the 
flame is tinged green for a few seconds. 

WET RE ACT IONS, t 

3. If a solution of an alkaline borate is mixed with hydro- 
chloric acid to slight but distinct acid reaction, and a slip of 
turmeric paper is half dipped into it, and then dried at 100°, 
the dipped half shows a jiecnliar red tint. This reaction is 
very delicate. Care must he taken not to confound the cha- 
racteristic red coloration with the blackish -brown color which 
turmeric paper acquires when moistened with strong hydro- 
chloric acid, and dried ; nor with the brownish-red color whieh 
ferric chloride or a hydrochloric acid solution of molybdate of 
ammonium gives to turmeric paper, more particularly on dry- 
ing. By moistening turmeric paper reddened by boracic acid 
with a solution of an alkali, the color is changed to blnish- 
black or greenish -black ; but a little hydrochloric acid will at 
once restore the brownish-red color. 

* Consistiitg of 5 parts of acid enlphate of piotassiiiiii and 1 pu4 tfi 
finely powdered floor spar. 

f A solution of boracic acid, when boiled, loses acid. If, therefore, * 
solution is to be concentrated by evaporation, it should be previously 
mixed with potash. 
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Carbonic Acid. 

WET REACTIONS. 

1. lAme water produces with carbonic acid a white pre- 
cipitate of carbouate of calcium (CaCOj). The reagent ought 
always to be used in excess, as the precipitate is soluble in 
excess of carbooic acid. The precipitate dissolves in acids 
with effervescence, and, after the complete expulsion of the 
carbonic anhydride by boiling, is not reprecipitated by am- 
monia. 

2. Hydrochloric acid added to a carbonate produces an 
evolution of carbonic anhydride accompanied by efi'ervescence. 
The gas may be recognised by its want of odor, or by holding 
a rod moistened with lime-water io it, or by pouring it otf 
into a test-tube contaiuiug a little lime-water, and shaking. 

diromlc Acid. 



1. Compounds of chromic acid give an emerald bead with 
iborax in both the outer and inner flame, (See p. 56, 1.) 

WET RBACTIOC'S. 

3. Hydrosulphuric acid added to au acidified solution pro- 
duces ultimately a green coloration, arising from reduction of 
the chromic acid. At the same time sulphur is separated, 
which gives a milky appearance, thus — 

K^CrO, . CrOj -I- 8HCH- 3HjS = 2KC! -I- 2CrCl3 -F 7Hp + Sj. 
Heat promotes the reaction ; in this case, part of the sulphur 
is converted into sulphuric acid. 

3. Sulphide of ammonium added in excess to a solution of 
an alkaline chromate produces a dirty-green precipitate of 
bydrated chromate of chromium ; on boiling, all the chromium 
separates as green hydrate. 

4-. Sulphurous acid added to an acidified solution reduces 
the chromic acid, turning the solution green, thus — 
KaCrO, . CrOg -)- 2HCH- SHjSOj = Cr,(SOJa + 2KCI -(- 4Hp. 

5. Chloride <^ barium pi'oduccs a light-yellow precipitate of 
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cliromatc of barium (BaCrO J, wbich is Boluble in hydrochloric 
and uitric acids. 

6. Nitrate of tiloer produces a dark purple-red precipitate 
of cliromate of silver (AggCrOj), which is soluble in uitric acid 
aud ammonia. In slightly acid solutions the precipitate cou- 
sists of bichromate of silver (AgjCrO^.CrOg). 

7. Acetate of lead produces a yellow precipitate of chio- 
mate of lead (PbCrOJ which is soluble in potash, sparingly 
soluble in dilute nitric acid, insoluble in acetic acid. An 
alkaline solution should be acidised with acetic acid. 

8. If a very dilute solution of peroxide of hydrogen* is 
covered with a layer of ether, and a fluid containing chromic 
acid is added, the solution acquires a. fine blue color. Oa 
closing the test-tube with the thumb, and inverting it re- 
peatedly without much shaking, the color ia transferred from 
the solution to the ether. The latter reaction ia peculiarly 
characteristic and delicate; one part ofchromate of potassium 
in 40,000 parts of water will be indicated. t The nature of the J 
blue substance is not known. After some time reduction to I 
chromium salt takes place, and the ether loses its color. I 

9. Very minute quantities of chromic acid may be detected 
by the following methods : — (a) To the solution acidified 
slightly with sulphuric acid add a little tincture of guaiacum 
(1 part of the resin in 100 of spirit) ; an intensely blue color is 
produced, which, however, soon disappears if only traces of 
chromic acid are present, {b) To the solution as neutral as 
possible add a little dilute decoction of logwood ; an intensely 
black color is produced ; when mere traces of chromic acid are 
present the color is violet-red. 

10. If insoluble chromatea. are fused with carbonate of 
sodium and nitrate of potassium, alkaline chromate will be 
formed, which ia soluble in water. 

For the discovery of traces of chromium present in many 
minerals, such as serpentine, &c., the reactions in 9 may be 
used after the mineral has been fused with alkaline carbonate 
aud nitrate. 

• Tliis solution may be easily prepared by adding a little powdered 
peroxide of barium to aorae dilute nydrochlorio acid. In default of per- 
oiide of barium, impure peroxide of sodium may be used, which is obtained 
by heating a Bmall piece of aodinm ou a. porcelain crucible lid until it takei 
fire, and letting it bum. 

f Presence of vanadic acid impairs the delicacy of tbe reaction. 
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Bydrofluorlo Add. 



WET REACTIONS. 



Chloride of calcium produces a. gelatinous precipitate of 
fluoride of calcium (CaFj), which is so transparent as at first 
to induce the belief that the fluid has remained perfectly clear. 
Addition of ammonia promotes the complete separation of the 
precipitate. The precipitate is almost absolutely insoluble iu 
■water, and only very slightly soluble in hydrochloric and nitric 
acids in the cold; it dissolves somewhat more largely upon 
boiling with hydrochloric acid. Ammonia produces no preci- 
pitate in the solution, or only a trifling one, as the salt of 
ammonium formed retains it in solution. Fluoride of calcium 
larcely more soluble in hydrofluoric acid than in water. 
It is insoluble in alkaline fluids. 

Etching test. If a dry fluoride ia warmed in a platinum 
crucible with a little strong sulphuric acid, and the crucible is 
covered with a piece of glass, the latter will be found to be 
corroded from the hydrofluoric acid produced. 

The most delicate way of applying this teat is as follows : — 
Take a small piece of glaaa, warm it, and rub some wax over one 
side, then allow ittocool,and make a mark on the waxed sidewith 
a sharp point. If a finely powdered fluoride is treated in a plati- 
num crucible with just enough strong sulphuric Eicid to make it 
into a thin paste, and the crucible is covered with the prepared 
glass and placed in a warm place for half an hour, the mark 
will be found, after the removal of the wax, to be etched into 
the glaaa. When only a mere trace of fluorine is present, the 
etching may not appear until the glass is breathed upon. 

This reaction fails if there is too much silica present, or if 
the substance is not decomposed by sulphuric acid. In such 
s one or other of the two following methods is resorted to, 
according to circumstances : — 

3. In the case of a fluoride decomposable by sulphuric acid 
mired with a large quantity of silica, the substance may be 
heated with strong sulphuric acid in a tc^t-tube, when fluoride 
of silicon will be evolved, which forms white fumes in the air. 
If the gas ia conducted into water, gelatinous silicic acid will 
separate in the water. 

The following modification answers best for the detectiou 
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of traces of fluorine. Heat the substance with strong sul- 
phuric acid iu a flask closed with a cork bearing two tubes, 
oue of which readies to the bottom of the flask, whilst the 
other just passes throiigh the cork. Pass into the flask throngh- 
the long tube a slow stream of dry air, and conduct the ail 
reissuing from the other tube into a U-tube containing a little 
ammonia and connected with an aspirator. The fluoride of 
silicon which escapes with the air decomposes with the am- 
monia, more particularly if a gentle heat is applied to the 
U-tube towards the end of the process, fluoride of ammonimn 
and silicic acid being formed. Filter, evaporate in a platinum 
crucible to dryness, and examine the residue according to 2. 

4. Silicates not decomposable by sulphuric acid must first 
be fused with four parts of carbonate of potassium and sodium, 
The ftised mass is treated with water, the solution filtered, the 
filtrate concentrated by evaporation, allowed to cool, trans- 
ferred to a platinujn vessel, hydrochloric acid added to feebly 
acid reaction, and the fluid allowed to stand until the car' 
bonic anhydride has escaped. It is then supersaturated with 
ammonia, heated, filtered into a flask, mixed with chloride of 
calcium, corked up, and allowed to stand. If a precipitate 
separates after some time, it is filtered ofl", dried and esamined 
according to 2. 

FboBphDric aoid. 

WET REACTIONS, 

1. \i sulphate of magnesium, mixed with a sufficient quan- 
tity of chloride of ammonium to leave the solution clear upon 
addition of ammonia, is added to a solution containing phos> 
phoric acid, and then ammonia in excess is added, a white 
crystalline precipitate is formed, which rapidly Bubaides. The 
precipitate is phosphate of magnesium and ammonium 
(MgNH^POj4-6aq.}; it ia insoluble in ammonia, and most 
sparingly soluble iu chloride of ammonium, but dissolves readily 
in acids, even in acetic aeid. It is sometimes slow in appearing ; 
stirring promotes its separation. This reaction can be coib- 
sidered decisive only if arsenic acid is absent. 

2. Nitrate of silver throws down from neutral solutions m 
light-yellow precipitate of phosphate of silver (jVgjPO J, readily 
soluble in nitric acid and ammonia. 
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3. The solution of molybdate of ammonium in nitric acid 
Bee p. 7) gives in the cold a. finely-divided yellow pre- 
dpitate, which speedily subaides. M'ith very minute quauti- 
aes of phosphoric acid — as, for instance, '02 mgrm. — a few hours 
nust be allowed for the manifestation of the reaction, and the 
[quid should be gently warmed, but not above 40°. Tlie 
Inid above the precipitate appeai-s colorless. Not more than 

1 equal volume of the fluid to be tested should be added to 
Jie molybdate solution, A mere yellow coloration of the fluid 
thould never be considered to prove the presence of phosphoric 
wid. 

The yellow precipitate conaiata of molybdic acid, ammonia, 
Water, and a little phosphoric acid (about three per cent.). As it 
S insoluble in dilute acids only ia preaence of an excess of 
bolybdic acid, addition of phosphoric acid in escesa may pre- 
. its formation. Presence of large quantities of hydro- 
chloric acid and of certain organic substances (tartaric acid, 
for instance} interferes with the precipitation. The precipitate 
after subsiding may be readily recognised in dark-colored 
fluids. By washing it with the molybdate solution, dissolving 
in ammonia, and adding chloride of ammonium and sulphate 
of magnesium, the precipitate of phosphate of magnesium and 
ammonium may be obtained. 

By conducting the operation in the way indicated, phos- 
phoric acid cannot well be confounded with any other acid, 
since arsenic acid gives no precipitate in the cold with this 
rea^nt, though it gives one upon application of heat, and 
.especially upon boiling {the supernatant fluid appearing 
yellow) ; and siheic acid shows no reaction in the eold, and 
gives only a yellow coloration on heating, but no precipi- 
tate. 

4. White of Egg is not precipitated by solution of phos- 
phoric acid, nor by solutions of phosphates mixed with acetic 
acid. 

5. An insoluble substance containing phosphoric acid may 
be fuaed in a platinum crucible with three parts of carbonate of 

I sodium, one part of nitrate of potassium, and one part of silica. 

I On boiling the fluid mass with water, decanting the solution, 
adding carbonate of ammonium to it, boiling, and filtering 
from the silicic acid, the phosphoric acid will be obtained in the 

I Bolntaon in the form of alkaline phosphate. 
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SUlclc Aold. 

DKY REACTION. 

1. If a fragment of silica or a silicate is heated in a beiil 
of microcosmic salt, the silica remains undissolved, and fitnte I 
about in the bead ax a more or less transparent mass (called a I 
skeleton), exhibiting the shape of the original fragment. In I 
the case of a silicate the bases dissolve. 

WET KEACTIONB, 

2. Chloride of ammonium produces in not too dilute i 
tioDB of alkaline silicates a precipitate of hydrated silica (cob 
taipiug alkali). Heating promotes the separation. 

3. The solutions of alkaline silicates are decomposed 1 
all acids. If a large proportion of hydrochloric acid is adde4^ 
at once even to concentrated solutions, the separated silica } 
remains in solution ; but if hydrochloric acid is added drop by i 
drop while the fluid is stirred, the greater part of the silica 
separates as gelatinous hydrate. 

If the solution, after having been mixed with excess of 
hydrochloric acid, is evaporated to dryness, and the residue is 
thoroughly dried by being powdered in the diah with a pestle 
and heated again, the whole of the silica will be rendered in- 
soluble, and may be separated by treating the residue with 
hydrochloric acid and water. 

DECOMPOSITION OF NATDKAL SILICATES. 

The silicates must ' in all cases be very finely powdered, 
before being subjected to any of these processes. 

By treatment with hydrochloric, nitric, or sulphuric acid. 
Applicable to some silicates. Some silicates are decomposed 
by hydrochloric or nitric acid. To effect the complete separa- 
tion of the silica, the mixture of silicate and aeid is evaporated j 
to dryness, heated at a temperature rather above the boiling. 
point of water until no more acid fumes escape, lumps being 
broken up with a pestle so that the whole may be completely 
dried. The powder is then moistened with hydrochloric acid* 
heated with water, and filtered. The filtrate coutauis the: 
metals, and the residue contains all the silica. 

Some silicates, kaolin for instance, not decomposable by 
hydrochloric or nitric acid, are completely decomposed )q 
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tenting with a mixture of eight parts of strong aulphTiric aeid 
md three parts of water, the silica being separated in the 
tbrm of a powder. 

Silicates not decomposable by boiling with hydrochloric or 

I sulphuric acid in the open air, may geuerally be completely 

icomposed by heating with the acids iu sealed glass tubes at 

—310° in an air or paraffin bath. 
By treat meal with hydrofluoric acid. Applicable to all 
lilicaieB. If a silicate is mixed with three parts of fluoride of 
minm or five parta of fluoride of calcium in powder, and 
made into a paste with strong sulphuric acid, and heated 
a the open air until uo more aeid fumes escape, the whole of 
bhe silica passes off as fluoride of sihcon. The metals present 
; found in the residue as sulphates (mixed with sulphate of 
cium, if fluor spar has been used) . 
By fusion with carbonate of potassium and sodium. Applicable 
all silicates. The silicate is fused with four parts of the car- 
wnate of potassium and aodium until the evolution of carbonic 
Icid has ceased, and the fused mass is then boiled with 
Srater, mixed with hydrochloric aeid to strongly acid reaction, 
evaporated to dryness, and heated at a temperature rather above 
100° until no more acid fumes escape, lumps being broken up 
with a pestle so that the whole may be completely dried. The 
powder is then moistened with hydrochloric acid, heated with 
water, and filtered. Tlie filtrate contains the metals, and the 
residue contains all the silica. 

By fusion with hydrate of barium. Applicable to all silicates. 
The silicate is fused with four parts of hydrate of barium, and 
the fiised mass is treated as just mentioned. 

Sulplmrlo Aold. 



I. Upon fusing a sulphate with carbonate of sodium on 
charcoal in the inner flame of the blowpipe, sulphide of sodium 
is formed. The fused mass will now evolve sulphuretted hydro- 
gen if treated with an acid ; or if placed upon a clean silver 
coin and moistened with acid, it will produce a black stain of 
sulphide of silver. 

WET BEACTIONS, 

3. Chloride of liarium produces a finely-divided, heavy 
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white precipitate of sidphate of barium (BaSOJ, which is in- 
soluble in dilute hydrochloric and nitric acids. In the case of 
very dilute solutions, the mixture should be allowed to stand 
several hours ; the trace of precipitate formed will then be found 
at the bottom of the vessel. Concentrated acids and concen* 
trated solutions of many salts impair the delicacy of the 
reaction. 

8. Acetate of lead produces a heavy white precipitate of 
sulphate of lead (PbSOJ, which is sparingly soluble in dilute 
nitric acid, but dissolves completely in hot strong hydrochloric 
acid. 

4. To detect free sulphuric acid the fluid is mixed with a 
very little cane sugar and evaporated to dryness at 100°. A 
black residue will remain, or in the case of mere traces a 
blackish-green residue. No other free acid decomposes cane 
sugar in this way. 

5. Insoluble sulphates, when fused with alkaline carbo- 
nates, give soluble alkaline sulphates. 
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GENEUAL REMARKS. 



WflERE there is reason to believe that a subatanoe given 1 
Analysis is not mixed, and where it exactly resembles any 
eommon element, it may be examined as follows, according to 
a or b. 

If the substance exactly resembles a certain non-metal, 
Ruch as sulphur, iodine, carbon, &c., an esamination of its pro- 
perties — its behaviour under ignition, under treatment with 
Solvents, &c. — will suffice to identify it. Thus if the substance 
looks like sulphur, it should be heated on a piece of porcelain ; 
if it melts, burns with a blue flame, emits a smell of sulphurous 
acid, and leaves no residue, it may be considered to be sulphur. 
Thus, again, if tbe substance looks like blacklead, marks paper 
in the same way, and will not burn nor dissolve in acids, it 
mav be considered to be blacklead. 

b. If tbe substance exactly resembles a certain metal,* 
|luch as lead, copper, iron, &c., it should be divided finely if 
IJossible {by filing, cutting, or pounding), and heated with a 
fjnixture of equal parts of strong nitric aeid and water till all 
Jtction has finished. If a white powder ia formed which will 
[not dissolve even on dilution with water, this consists of oxide 
of tin or oxide of antimony, and indicates tbe presence of one 
of these metals ; they are so different that you cannot be in 
doubt which the substance actually consiats of. If on treating 
with water a clear solution is obtained, it should be examined 
Jucording to p. 99, et seq. 

I But in general whatever the substance may look like, it 
flbould be examined by tbe prescribed course; indeed this ia 
the only safe way of analysing it. 

i' The study of analysis proper is usually divided into two 

ll 

• The Btndent ahonld be cantioned againBt mistaking alloys for simple 
■ ' ^- i%W 



metals. It may also be mentioned that certain metallic sulphidt 
aa galena, atibnite, iron pyrites, and copper pyrites, !ool '' 
then thej do not eiactlj resemble any inuividual metai. 



pyrites, and copper pyrites, !ook like metals, but 
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parts, viz., the Analysis of Simple Substances (i.e., oxides, add^ 
simple salts) and tlie Analysis of Mixed Substances. Ingoing 
through the first part the student has substantes given him to 
analy.se in which he ia not expected to find more than one 
metal and one aeid. The mixtures given for analysis in the 
second part may contain any number of simple substances, a ^^ 
in analysing them the student is expected to look for everj 
metal and every acid, and either to find it or prove its abaenc 

The chief object of the first part is to prepare the way fi 
the second part. 

The Preliminary Examination, Examination of Solubility 
and Preparation of the Solution, are nearly the same in hoi 
parts. 

PRELIMINARY (DRY) EXAMINATION. 

Heat the substance in an ignition-tube before the blowpipe. 
The substance sublimes. 

1. Heat the substance with potash in a test-tube, and 
smell the vapor. If ammonia is given ofi^, aaunonlnm 
is indicated. 

2. Heat the substance with dry carbonate of aodiumi 
in an ignition -tube. K globules of mercury sublime, 
merourr is indicated. If a steel-grey mirror is 
formed, araenlc is indicated. 

Yellow drops of sulphur sublime. Snlphar is indicated. 

Heat the substance with carbonate of sodium on charcoal in ] 
the inner blowpipe fiame. 

Metallic globules indicate Bllver or lead if malleablf^ 

antlmonr or blflmntli if brittle. 

A garlic odor indicates arsenfa. 

ation indicates a nitrate or oblorate. 



If the substance is colored, heat it in the borax bead in thvj 
outer blowpipe fiame. 

The cold bead is blue. Cobalt or copper is indicated. 
green. Chromium is indicated. 
dark-yi'lhiv} or bottle-green. Iron ia i 

dicated. 
reddish-brown. Nickel is iudicated. 
amethysi-red. SLAugfuiame is indi 
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Dip a clean pUtiaum wire in strong iydro chloric acid, then 
I the substance, and hold it in the Buusen flame. 
T/ie flame is colored azure. Goppar ia indicated. 

ffreen. Copper or boraolo add ia 

indicated. 
yellowish-green. Sarlniaia indicated. 
crimson. Strontium is indicated. 
red. Calcium ia indicated. 
yellow. Sodium is indicated. 
violet. PotasBlum is indicated. 

EXAMINATION OF SOLUBILITY. 

The solvents used are water, hydrochloric acid, nitric acid, 
and aqua regia. In this eiamination very small quantities of 
the substance are taken. 

In the case of a simple suhstanee, the powdered body is first 
boiled with water. If it will not dissolve in a moderate pro- 
l>ortion, it should he considered to be insoluble in water, and 
very finely powdered before proceeding. Separate portions of 
the fine powder are then heated with dilute hydrochloric acid, 
strong hydrochloric acid, dilute nitric aeid, strong nitric acid, 
and aqua regia (in this order), till a solvent is fouuct or the sub- 
stance is proved to be insoluble. Whenever a simple substance 
will not diaaol^e in a moderate proportion of any fluid, it is 
conBidcred to be insoluble in that fluid. In heating a strong 
acid with a substance, the acid should not be boiled violently, 
as such boiling wastes the acid. 

In the case of a mixed substance, if it cannot be dissolved 
completely with the aid of the above sol vents,, so me of the con- 
stituents may be soluble. Whether this is so or not may be 
ascertained by filtering off the residue after the substance has 
been heated with a solvent, and evaporating a drop of the 
filtrate on a piece of porcelain. 

Certain bodies show a peculiar deportment in this examina- 
tion; thus, litharge, when boiled with strong nitric acid, is 
converted into nitrate of lead, which is insoluble in strong 
nitric acid, but will dissolve on addition of waier. Tims, again, 
sulphide of antimony, when heated with strong nitric acid, is 
converted into white oxide, which does not dissolve in the 
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nitric acid, but will dissolve immediately on the addition of 
stroiig hydrocliloric acid. 

If on heating a substance with acida it diasolvea with ei- 
ception of sulphur or gelatinous ailica, the suhstance is con- 
sidered to be soluble, the mixture of fluid and precipitate 
being treated as mentioned below. 

PREPARATION OF THE SOLUTION. 

In the case of a simple substance, dissolve it in the proper 
solvent. 

In the case of a mixed substance, if any part is soluble, dis- 
solve what you can and wash the residue, adding the first 
washings to the solution. (The residue is examined t 
insoluble substance.) 

If sulphur separates, the rest being dissolved, dilute andf 
filter, wash the residue a little and heat it on a piece of porce- 
lain, when it should bum with a smell of sulphurous acid ;i 
it may probably leave a residue, as it is liable to have some of 
the substance enclosed in it. If gelatinous silica separates, 
the rest being dissolved, evaporate the whole (with excess o{ 
acid) to dryness, and take up again with hydrocliloric acid and. 
water ; the silica will be left undissolved. 

If needle-shaped crystals are deposited from an acid soln^ 
tion, they probably consist of chloride of lead ; they should 
be filtered off, washed, and examined at once. They should \ 
soluble in boiling water, and one portion of the solutiot^ 
should give a yellow precipitate with bichromate of potassium 
while another portion should give a white curdy precipitate 
with nitrate of silver insoluble in nitric acid. 

If on diluting an acid solution a white precipitate forma^ 
antimony or bismuth is indicHted. The precipitate may at once 
be redissolved by the addition of hydrochloric acid if neces-; 
sary. 

When nitric acid is used for dissolving the substance, mer- 
cury, tin and iron, if present, will be converted into the dyad^ 
tetrad and triad states respectively, and arsenic, if present, 
will be converted into arsenic acid; consequently if any of 
these metals are found, the original substance must be examined 
to see m what state they are actually present. 
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Id ■which the student ia not expected to find more than one 
metal and one acid. 

SOLUBLE SUBSTANCES. 

DETECTION OP THE METAL. 

The indications afforded by the dry examination are in 
Certain cases so conclusive as to leave no room for doubt con- 
cerning which metal is present. However, as the object of 
this part is practice, the student should in all cases proceed to 
the wet examination as follows. 

As soon as one metal is found, the student should stop and 
go on to the Detection of the Aeid, unless the metal is arsenic 

chromium. K arsenic is found, it was probably present as 
an acid, and another metal must be looked for. If chromium 
is found, and chromic acid is present in the original solution, 
another metal must also be looked for. 



Treat some of the solution as follows, reserving the rest for 
any tests that may have to be applied to it directly in the siib- 
Kqnent course. 

Add hydrochloric acid in good excess (if not already used 
dissolving). If a precipitate is formed, take a small portion 

of the mixed precipitate and fluid and add to it ammonia in 

excess. The precipitate 

rediasolvea. Indication of silver. 

iuma black. Indication of monad mercnrj. Confirm 
by adding stannous chloride to the original solution. 
appears unaltered. Indication of lead. Confirm by 
throwing the rest of the mixed precipitate and fluid onto a 
filter, aud boiling the precipitate with water, when it 
should redissolve. 
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2. To the fluid treated with hydrochloric acid, add sulphuret- 
ted hydrogen water* until it distinctly smells after shaking/ 
and heat. If a white precipitate is formed, proceed as if there 
were no precipitate, as it consists of sulphur separated from 
the sulphuretted hydrogen by triad iron or chromic acid, &c. 
When chromic acid is present, besides sulphur being precipi- 
tated, the solution which was originally red changes to green. 
If a colored precipitate is formed, and it is 

yellow. This consists of sulphide of cadmium, sulphide 
of arsenic or stannic sulphide. Mix a portion of the fluid 
containing the precipitate with excess of ammonia^ add 
sulphide of ammonium, and heat. The precipitate 
remains undissolved. It is sulphide of cadmium. 
dissolves. It is sulphide *of arsenic or sulphide of 
tetrad tin. Remembering the results of the pre- 
liminary examination you will not be in doubt which. 
orange colored. It is sulphide of antimony. Confirm by 
treating the original solution with zinc and hydrochloric 
acid in a platinum crucible lid. 

dark colored. It is sulphide of lead, mercuric sulphide, 
sulphide of bismuth, sulphide of copper, or stannous sul- 
phide. To the original solution add 

sulphuric acid. A white precipitate indicates lead. 
Confirm by testing the original solution with bichro- 
mate of potassium. 

potash. A yellow precipitate indicates dyad mercury. 
ammonia in excess. 

A white precipitate is formed. Filter it oflF, dissolve 
it in a drop or two of hydrochloric acid on i^ 
watch-glass, and then dilute. A precipitate indi- 
cates biamutb. 
A blue color indicates copper. 
mercuric chloride. A white precipitate indicates 
dyad tin. 

* If arsenic was found in the preliminary examination it may be pre- 
sent here as arsenic acid, when it would not be precipitated readily by 
sulphuretted hydrogen. In this case, therefore, the solution shotdd lie 
boiled with acid sulphite of ammonium, and the excess of sulphurous acid 
driven off, before sulphuretted hydrogen is added. 
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3. To the fluid mixed with hydrosulpliuric acid, add chloride 
of ammoaiumj exeeas of ammonia, aud sulphide of ammonium. 
The precipitate is 

black. It consists of sulphide of nickel, sulphide of cobalt, 
or sulphide of iron. To the original solution add potash. 
The precipitate is 

liffkt green, and does not change color on exposure to the 
air. Hlckel is indicated. This is confirmed by the 
results of the dry examination. 

blite. Cobalt is indicated. Found already in the 
dry examination. 

dirty yreen, and soon turtis brown on exposure to the 
air. Indication of dyad iron. Confirm by adding 
ferricyanide of potassium to the original solution. 
brown. Indication of triad Iron. (The solution 
should have given a precipitate of sulphur on the 
previous treatment with Lydrosulphuric acid.) Con- 
firm hy adding sulphocyauide of potassium to the 
original solution. 
not black.* It is sulphide of manganese, sulphide of zinc, 
hydrate of chromium, hydrate of aluminium, silicic acid, or 
a silicate, phosphate, borate or fluoride of barium, strontium, 
calcium or magnesium. f Uanganese will have been 
indicated io the dry examination ; its presence may be 
proved by fusing some of the precipitate in a platinum 
loop with carbonate of sodium and nitrate of potassium. 
Cliramium will have been found already in the dry exami- 
nation. If neither of these two metals are present, evapo- 
rate a portion of the original solution to dryness with 
bydrocldoric acid, moisten the residue with hydrochloric, 
acid, and add water. If a residue remains, it is silica ; tilter 
it off, and test the filtrate for the metal [barium, strontium, 
calcium, magnesium, potassium, or sodium) as directed 4 
et »eq., p. 103. If silica is absent, add tartaric acid to a 
portion of the original solution, aud then ammonia in excess. 
No permanent precipitate is formed. Indication of 

If \he precipitate ia pure fleah-color, manganese is indicated ; if pure 
Itluish-greea, cliromiuro is indicated ; 11' pure wiiite, one of the otter bodies 
IB indicated. Bnt traces of iron, which are often present, will often diirlien 
iheBe oolora. 

j" If the bodj was soluble in water, these salts are not present. 
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zinc or aluminium. Mix the original solution vn& 
excess of potash, and divide the clear solution in half. 

1. Add hydro sulphuric acid. A precipitate in^- 
cates zlno. 

2. Add chloride of ammonium and heat. A i»e- 
cipitate indicates alnmlnlnm. 

A permanent precipitate is formed. Indication of a 
phosphate, borate, or fluoride of barium, strontium, 
calcium, or mag'ncsium. Proceed as follows : — 

1. To the original hydrochloric acid solution add 
ammonia, till a precipitate fornas, then acetic acid 
till this is rediasolved, lastly acetate of sodiam 
and a drop of ferric chloride ; the formation of a 
white flocculent precipitate indicates pboBpborla 
acid. If phosphoric acid is present, add now 
some more ferric chloride, until the fluid is dis- 
tinctly red, boil, tilter boiling, and test the filtrate, 
which is now free from phosphoric acid, for the 
alkaline earthy metal, as directed 4 et seg., p. I 
after having separated by ammonia any iron which, 
may have dissolved. 

2. Boraele acid is tested for by nearly neutra- 
lizing the hydrochloric acid solution, moistenin| 
turmeric paper with it, and drying the paper. 
boracic is present, the metal is found by boili 
the original substance with carbonate of sodium, 
filtering ofl' the carbonate produced, washing it, 
dissolving it in the least quantity of hydrochloric 
acid, evaporating to dryness, dfesolving the residue 
in water, and testing as directed 4 et seq., p. 103, 

3. Kydrofiuorlo aold is detected by treating a 
portion of the original substance with strong sul- 
phuric acid, and etching glass with the gas evolved,. 
To discover the metal, the residue is ignited, tO' 
drive off all the hydrofluoric acid, and the 
of sulphuric acid, powdered and fused with car- 
bonate of potassium and sodium. The fused mass 
is poured out onto a cold stone, powdered, boiled 
with water, and filtered. The residue on the filtet 
is washed wcU with water, dissolved in hydrocblorie: 
acidj and tested according to 4 et seq. 



If 
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4. To the fluid miicd with chloride of ammonium, ammonia 
aud sulphide of ammonium, add carbooate of ammonium, and 
heat gently. If a precipitate is formed, filter it off, wash it, and 
dissolve in the least quantity of warm hydrochloric acid by 
pouring the acid on the filter. To a portion of the solution 
add sulphate of calcium. 

A precipitate forms immediately. Barlnm ia indicated. 
A precipitate formi after some time. Strontium is in- 
dicated. The substance will have tinged the Bunaen flame 
crimson in the preliminary examination. 
No turbidity occurs even, after ten minutes' standing. 
Calcium is indicated. Confirm by adding ammonia in 
excess and oxalate of ammonium to another portion of the 
dissolved precipitate. 

5. To the fluid mixed with carbonate of ammonium add 
phosphate of sodium and stir well. 

A crystalline precipitate is formed. BXa^nealam is in- 
dicated. 

No precipitate is formed. Potassium, sodium, or ammonium 
is probably present. Dissolve some of the original sub- 
stance in the least quantity of water in a watch-glass, add 
a few drops of hydrochloric acid aud a few drops of 
chloride of platinum to the solution, and stir well.* 

LA yellow precipitate is formed. Indication of 
potaseium or ammonium. AiVIitch is actually 
present cannot be doubted if the result of the first 
preliminary experiment is remembered, since potassium 
compounds arefixcd and ammonium compounds volatile. 
No precipitate is formed. Sodium is indicated. The 
substance should have given a yellow color in the 
Buuaen flame in the preliminary examination. 

DETECTION OF THE ACID. 

Nitric acid or chloric acid will have been already indicated 

• If a dark color (from iodine) is produced on the addition of the pla- 
tiniuu solution, tke eiperiment ahoold be repeated in the same mannBr, 
with the subBtitution of a atrong solution of tartaric acid for the hydro- 
chloric acid and chloride of platinum. A white crystalUne preoipitata 
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by the deflagration on cliarcool in tlie preliminary examina- 
tion. The presence of nitric acid may be proved by dis- 
solving the Buhstance in water, adding solution of ferrous sul- 
phate, and then holding the tube obliquely and pouring 
strong sulphuric acid down to the bottom. The presence 
of olilorlo add may be proved by adding sulphuric acid to 
the aqueous solution of the substance and iben indigo soIutioD 
and sulphurous acid. 

Chromic add will have been indicated already by the red 
color of the aotution on addition of hydrochloric acid, and by 
its turning green on the subsequent addition of hydrosulphnrio 
ncid. 

SUlolo add will have been found already. 

If neither of these acids ia present, refer to the Table of 
Solubility at the end of the book, consider which acids may 
be present, and look for these. 

1. Hydrosulphuric and carbonic acids may be detected by 
heating the dry powdered substance with dilute hydrochloric 
acid in a test-tnbe. 

If by dro sulphur to add is present it will be giveu of^, and 
may be recognised by its smell, or by its turning paper wetted 
with acetate of lead black. 

If carbonic acid is present, carbonic anhydride will be 
given off with brisk effervescence; the gas may be recognised 
by ita want of odor, and by its giving a precipitate with lime- 
water after being poured off into a fresh test-tube. 

2. Hydrochloric, bydrobromic, and bydriodic acids are 
detected as follows. If the substance ia soluble in water, 
dissolve in water, acidify with nitric acid, and to a portion of 
the solution add nitrate of silver. If the substance is insoluble 
in water, boil it (the dry substance) with solution of carbonate 
of sodium, filter off the residue, acidify the filtrate with nitric 
acid, and to a portion add nitrate of silver. In either case, 
hydrochloric acid will give a white precipitate; bydrobromic 
or hydriodic acid a yellowish white precipitate. 

To settle which acid is present, to the rest of the solution 
acidified with nitric acid add a drop or two of chlo> 
ride of soda, a few drops of bisulphide of carbon, and 
shake. If the bisulphide rematue colorless, bydrocblorlc 
add is present ; if it is colored yellow, hydrobromlc add 
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present ; if it is colored purple, bfdrlodlo acid is 
■esent. 

3, Hydrofiuorlo acid ia detected by warming the dry 
owdered aubstauee ia a platinum crucible with strong sulphuric 
cid, the crucible being covered with a piece of glass. 

4. Soraolo acid is detected by boiling the substance 
irith carbonate of sodium, filtering, boiling the filtrate with 
Blight excess of hydrochloric acid,* dipping a piece of turmeric 
paper in the fluid, and drying it. 

Phosphoric add is detected by adding the molybdatc 
of ammonium solution to the original solution. 

6. Sulphuric acid is detected by adding hydrochloric 
leid to the original solution and then chloride of barium. 
(Make sure that the precipitate is not soluble in water, for ii 
the solution is very acid the chloride of barium itself will be 
tlitoivn down.) 

If no acid is present, and the substance has the properties 
of an oxide of the metal found, you may conclude that it is 
such. 

INSOLUBLE SUBSTANCES. 

COMPLETE ANALYSIS. 

The following is a list of the substances which wc take into 
consideration here : — 

Silver Chloride. 
Lead Chloride. 
Sulphate. 
Barium Sulphate. 
Strontium Suipliatc. 
Calcium Fluoride, 
Sulphate. 
Silica. 
Silicates. 

[eat the substance in a bead of microcosmic salt. 
If the substance does not dissolve, it is silica or a silicate. 

' If the metal present l^elungs to the fifth gronp, it will aaffice to add a 
ight eiceas of hydrochloric aoid to the aqueous aolution of the substance 
'' 'e teating wiUi turmeric paper. 
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Powder it very finely, aiid fuse it with six parts of car^ 
bonate of potasBium and sodiunij pour out the fused mass 
onto a atone, powder it, add water and exeess of hydro-i 
chloric acid, evaporate to dryness on a water-bath, brei 
up the lumps with a pestle bo that the whole may 
thoroughly dried, moisten with hydroeldorie acid, add' 
water, heat and filter. The residue is sUlca. Examine 
the filtrate for the metal beginning at p. 99, 
Ij the subslance dissolves, add to the original substance on 
a watch-glass a drop of sulphide of ammonium. 

1/ the substance turns black, silver or lead is present. 
Fuse the original substance with six parts of carbonate 
of potassium and sodium, pour the fused mass onto 
Btone, powder it finely, boil with water, and filter. 
The residue consists of silver or oxide of lea* 
"Wash it, dissolve in nitric acid, and examine the: 
solution according to 1, p. 99. 
The filtrate contains the hydrochloric or sulphi 
acid in the form of alkaline salt, together with the 
excess of carbonate of potassium and sodium. 
Acidify with nitric acid and hoi], divide into two 
parts. 

1. Add nitrate of silver and shake. A curdy 
precipitate indicates liTdroclilOTlc acid. 

2. Add chloride of barium. A precipitate 
Gates Bnlpburic aold. , 

If the substance remains white, test for sulphuric acid, 
by heating the finely powdeixMi substance with carbo- 
nate of sodium on charcoal, 

Jf sulphuric acid is present. Fuse the finely 
powdered subatanee with six parts of carbonate of 
potassium and eodium, pour out onto a stone, 
powder finely, boil with water, and filter. The 
Jittrale contaiaa the sulphuric aold as an alkdine 
salt ; on acidifying it with hydrochloric acid and 
adding chloride of barium, it will be precipitated. 
The residue consists of caibonate of barlnniT 
Btrontlum, or calcium ; it should be well washed, 
dissolved in the least quantity of hydrochloric acid, 
and tested according to 4j p. 103. 
If sulphuric acid is absent, mix the finely powdered 
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substance with strong sniphuric acid in a platinum 
crucible^ and apply the etching-test for hydro- 
fluoric aeld. H fluorine is founds heat the 
crucible till all the hydrofluoric acid and the excess 
of sulphuric acid are driven oflF, boil the residue with 
hydrochloric acid, filter, add excess of ammonia to 
the filtrate, and then oxalate of ammonium to test 
for calclnin. 
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In which all the metals and all the acids may be present. 

SOLUBLE SUBSTANCES. 

DETECTION OF METALS. 

In the following course, if any group precipitate should be 
very small, it will be useless to examine it for all the members in 
the regular way, as even if they were present they could not 
be found. Under these circumstances the precipitate should 
be examined for one or two metals which are suspected, or in 
particular cases a large quantity of the original solution should 
be taken, and enough of the precipitate prepared for a com- 
plete examination. 

1. Precipitation op the Metals op Group I. by Hydro- 
chloric Acid, and Examination op the Precipitate. 

To the solution of the substance add a few drops of hydro- 
chloric acid. If a precipitate is produced, add more acid till 
the precipitation is complete, and then a few drops more (to 
dissolve basic chlorides of antimony and bismuth). Filter and 
examine the filtrate by 2 a. 

The precipitate may contain silver, mercurous and lead chlo- 
rides.* Wash it twice with cold water to remove foreign sub- 
stances, and then wash three times on the filter with hot water, 
/jt Add sulphuric acid. A white precipitate indicates lead. 
j»jt on tfie filter. Add ammonia. 

/j (If it is not quite clear, take no notice, as the 
basic lead-salt which causes the turbidity is soluble in 

* It will, of course, be white. If the solution was an alkaline one, the 
following substances might be thrown down here, — gelatinous silica, sul- 
phur, chloride of silver, chloride of lead, sulphate of lead, and stannic, anti- 
mony, and arsenious sulphides. K silica or sulphur are smspected, proceed 
as directed p. 98, Preparation of the Solution, 3rd par. (sulphur will be 
difficult to inter off) ; otherwise treat the precipitate as a fresh substance. 

t /is used ioT filtrate or solution, 
p is used for precipitate or residue. 



ANALYSIS OF MIXTURES. 109 

□ilric acid.) Add excess of nitric acid. A precipitate 

indicates silver. 

p^ If it is black or grey, monad meroarj- is 

indicated. 

2 a. Precipitation of the Mktals of Group II. bv Hydro- 
SDLPinjRic Acid, and Separation ok the Precipitate 
INTO two Divisions. 

If arsenic was found in tlie Preliminary Esamination, 
before proceeding, boil the filtrate from the hydrochloric acid 
precipitate with acid sulphite of amraoaiura, adding more 
hydrochloric acid if necessary, and boiling till the excess of 
wipliuious acid is driven off. 

In order to Cnd out whether hydrosulphuric acid produces 
g precipitate or not, and thus to be enabled to save the trouble 
of passing the gas if it is unnecessary, take a small quantity 
of the filtrate from the hydrochloric acid precipitate {which 
contains already a moderate excess of hydrochloric acid), and 
add hydrosulphuric acid solution in excess — i. e., till on shaking 
the test-tube with the thumb on the top, the contents smell 
distinctly of the reagent. If only sulphur is precipitated, 
take DO notice of the precipitate herej if a colored precipitate 
ie formed, proceed as follows. 

Pass hydrosulphuric acid gas through the rest of the filtrate 
from the hydi'ochloric acid precipitate, diluting it if it is very 
acid. When tlie precipitate has completely formed, filter and 
examine the filtrate by 3 a, p. 112, The precipitate may contain 
(1) lead, mercuric, bismuth, copper and cadmium sulphides; 
also (2} tin, antimony, and ar.scnious sulphides. Wash it well. 

Before we treat the whole precipitate with sulphide of am- 
to separate the first division of metals from the 
second division, it may save trouble to see if this treatment is 
necessary — i. e., if the precipitate really contains members of 
iKtth divisions. To this end, warm a small quantity with ten 
or twenty drops of yellow snlphide of ammonium.* 

• If the preliminary esamination hae shown tliat copper is preBent and 
mercury absent, when sulphide of ammonium, is directed to be osed in the 
' examination of tins group, use salphide of aodinm instead, and boiL In 
Bolpfaide of aanmonium aulpbide of copper Js a iittlo soluble. In Hulpliido 
of sodium the copper sulphide Js insoluble, but the mercuric sulpbide is 
Boluble. 



If the precipitate completely dissolves. Tlie members o 

tli« first dlTlalon aro abaent. Treat the rest of the pre 

cipltate aa directed 3 c. 

If the precipitate does not completely dissolve. Filter o! 

the residue, and add hydrochloric acid to the filtrate. 
If a white jtrecipitate is formed. It eonsista merely a 
sulpliur from the sulphide of ammoniinu. Tbe mem- 
bera of tbe seoond dlvlBlon are absent. Treat the 
reat of the precipitate as directed 2 b. 
If a colored precipitate is formed. Members of both 
diviaiona are present. 

If members of both divisions are present, warm the reat of 
the hydrosulphuric acid precipitate with yellow sulphide (rf 
ammonium, and filter. 

p. Examine according to 2 b. 

f. Add hydrochloric acid iu excess to repreeipitate the 

sulphides, filter, and treat the precipitate according to 2 

2b. Examination for Metals of Gr. II, Div.I., and Lxa9. 

The precipitate may contain lead, mercuric, bismuth, coppex 
and cadmium sulphides. Wash it thoroughly, boil witk 
strong nitric acid, dilute and filter. 

Py may contain sulphur (yellow globules), mercuric sul- 
phide (black), lead sulphate (white), and stannic oxide* 
(white). Divide it into two parts. 

1 . Dissolve in hydrochloric acid with the addition of a little 
chlorate of potassium, and add stannous chloride. A grey 
or white precipitate indicates djad meronry. 

2. Fuse with cyanide of potassium and carbonate 
sodium. If metallic globules are formed, wash and treat 
thera with nitric acid. 

The solution. Add sulphuric acid. A precipitate indi^' 
eates lead. 

The residue may be metastannic acid. Wash it weD 
and boil with strong hydrochloric acid for a few mi- 
nutes, pour off the acid, add water {see Note, p. 1 
and then hydrosulphuric acid. A yellow precipitate 
indicates tin. 
/-, may contain lead, bismuth, copper and cadmium. 
ration of tin by anlphide of ammouiniii ia ofleii iooa 
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small portion add sulphuretted hydrogen to ace if there are 
any metals in solution. If a precipitate is produced, to 
the rest of the solution add sulphuric acid, evaporate on 
the water-bath till the nitric acid is expcUcd, take up with 
water, and filter. 

p^ is sulphate of lead. 

/g Add excess of ammoma, warm and filter. 

jOj Wash, dissolve in a watch glass in the least 
hydrochloric acid, and add water, A milkincss in- 
dicates bismutli. 

/g If it is blue, copper is indicated. (To test 
for very small quantities of copper, evaporate to 
dryness and add a drop or two of ammonia.) If 
copper is absent, test for cadmium at once by 
adding hydro sulphuric acid. If copper is present, 
precipitate with sulphuretted Jiydrogen, wash the 
precipitate, boil it with dilute sulphuric acid, filter, 
and add hydrosulphuric acid to the filtrate. A 
yellow precipitate in either case indicates 
cadmliun. 

2 c. Examination for Metals of Gr. II. Div. II. 

The precipitate may contain stannous, stannic, antimonious 
and arseuious sulphides. Wash it thoroughly. 
First ignite a small quantity on a piece of porcelain. 

If it is completely volatik, onlr arBenlo 1b present. Dis- 
solve another portion of the precipitate in a few drops of 
strong nitric acid on a watch-glass, dilute, filter ofl" the 
sulphur, add nitrate of silver, and then diluted ammonia 
carefully so as not to mix the fluids. A red cloud indicates 
arsenic. 

If a residue is left, all tbe metals mnat lie looked fori 
proceed as follows. 
f-Dry the rest of the precipitate on the filter, and divide it into 
I two portions. 

1. Boil with strong hydrochloric acid {which will dissolve the 
I tin and antimony), dilute a little, filter into a platinum cru- 
Icible lid, and add a little piece of zinc plate to the filtrate. 
IA black stain indicates antimony. Take out the zinc, wash 
iny adherent powder back into the platinum crucible lid. 
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pour away the solution, boil the residue with strong hydro- j 
chloric acid, dilute a little, and filter; to the filtrate add mer-j 
curie chloride. A white or grey precipitate indicates tin. 

2. Fuse with cyanide of potassium and carbonate of sodium 
in an ignition- tube. A mirror indicates araenlc. 

3 a. Precipitation of the Metals of Group III. and Siu- 
CATEs, Phosphates, Borates, and Fluorides of Barium, 
Strontium, Calcium, and Magnesium, and also Silica, by 
Chloride of Ammonium, Ammonia, and Sulphide of Ammo- 
nium. And Preliminary Determination op the Nature 
op the Precipitate. 

If the substance was soluble in water. Salts and silica^ are 
absent. A portion of the filtrate from the hydrosulphuric 
acid precipitate is boiled to drive off the excess of the gas, 
mixed with a few drops of strong nitric acid and boiled again, 
then mixed with chloride of ammonium and ammonia till the 
reaction is just alkaline. If the fluid remains clear, iron, 
chromium, and aluminium are also absent. 

If the substance was insoluble in water. Salts and silica may 
be present. A portion of the filtrate from the hydrosulphuric 
acid precipitate is boiled to expel excess of the gas, mixed 
with a few drops of strong nitric acid and boiled again, then 
mixed with chloride of ammonium and ammonia, till the re- 
action is just alkaline. If the fluid remains clear, salts and 
silica, also iron, chromium, and aluminium, are absent. 

To the rest of the filtrate from the hydrosulphuric acid 
precipitate add chloride of ammonium, ammonia just to alka- 
line reaction, and then a drop or two of sulphide of ammo- 
nium ; if a precipitate is formed, continue adding sulphide of 
ammonium, till after brisk shaking the smell of it is distinctly 
recognisable. Filter, and examine the filtrate,t as directed 4 a. 
The precipitate is examined as directed 3 c or 3 ^^ according 
as salts and silica have to be looked for or not. J 

* If the original dry substance was very alkaline, silica may be present. 

t If it is blackish, this is caused by nickel, whose sulphide is slightly 
soluble in sulphide of ammonium. Take no further notice. 

X Alkaline earths may be precipitated in combination with chromimn. 
In very careful analyses the second method should be always adopted. 
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5. Examination op the Sulphide or Ammonium Preci- 
pitate WHEN Salts and Silica are absent. 

The precipitate may contain nickel, cobalt, iron,* manganese, 
ic {as sulphides), chromium, aluminium (as hydrates). 
Wash it with water containing a little sulphide of ammo- 
nium, remove it from the filter, treat with cold dilute hydro- 
chloric acid, and filter. 

p^ (black) may contain nickel and cohalt sulphides. Wash 
and test it in the boras head. A reddish-brown bead indi- 
cates the presence of nickel, and the absence of cobalt. A 
blue bead indicates the presence of cobalt. In the latter 
case, and also if the result is indefinite, proceed as 
follows : — Dry the filter containing the precipitate, incine- 
rate it (see p. 21), dissolve the ask in a few drops of 
aqua regia, dilute, filter, nearly neutralize with potash, and 
add nitrite of potassium and then acetic acid to strongly 
acid reaction, allow to stand a long time, and filter. 
A yellow precipitate indicates ooDalt. 
The filtrate. Add potash ; if a precipitate is produced, 
filter it off and test it for nickel in the boras bead. 
/j may contain iron, chromium, alurainium,t manganese, 
and ziuc. Add a small quantity of strong nitric acid, and 
boil, nearly neutralize with potash ; when cold, add excess of 
carbonate of barium, allow to stand in the cold aud filter. 
p^ may contain iron, chromium, and aluminium. 
Wash well and divide it into three parts. 

1. Dissolve in hydrochloric acid, and add sulpho- 
cyanide of potassium. A red color indicates iron. 

2. Boil with chloride of soda, and filter. A yellow 
'filtrate indicates cbrominm. If the filtrate is pink 
(from manganese not washed out of the carbonate of 
"barium precipitate), add alcohol, boil and filter off the 
liwown oxide of manganese formed ; if chromic acid ia 
present, its color will then be visible. 

3. Boil with potash, and filter, add excess of chloride 

• These first threo metals caamot be present if the precipitate has a pure 

t li' the preliminary exuminatiou of the sulphide of ammonium ptecipi- 
' ' ' fl showu the absence of these first thiiee metals, yoo may pass on 
! to examine for manganese and zinc. 



114 



OESEaAL ANALYSIS. 

of ammonium and boil again. A floccnlent precipitt 
indicates alnmlnlam.* 

/g may contain manganese and zinc. First, to gi 
rid of the barium, add snlpliurie acid and filter throug 
charcoal. Then evaporate to a small bulk, add potag 
in excess, and filter. 

Pg may contain manganese, also traces of nicke 
and cobalt originally dissolved by the hydrochloric 
acid. Test for mangraneae with the carbonate o 
sodium bead, 
/g Add hydrosulphuric acid. A white preci- 
pitate indicates Kino. 



1 3 c. Examination of the Sulphide of Ammonium Preci- 

pitate WHEN Salts and Silica may be Present.! 
The precipitate may contain nickel, cobalt, iron,J manga- 
nese, zinc (aa sulphides), chromium, almninium (as hydrates)) 
barium, strontium, calcium, magnesium (as silicates and othet 

I salts), and silica. 

Wash it with water containing a little sulphide of ammO' 
nium, remove it from the filter, treat with cold dilute bydro« 
chloric acid, and filter. 
p^ may contain sulphide of nickel (black), sulphide rf 
cobalt (black), and silica (white). Wash and teat it with a 
bead of microcosmic salt. If a skeleton, sllloa is present): 
if « yellow bead, nickel is present and cobalt absent ; if a: 
blue bead, cobalt is present. If cobalt is present, and also 
if the bead has an indefinite color, proceed as follow* 
Dry the filter containing the precipitate, incinerate it (ae 
p. 21), dissolve the ash in a few drops of aqua regia, dilute, 
filter, nearly neutralize with potash, add nitrite of potassium, 
and then acetic acid to strongly acid reaction, allow to stand 
for a long time, and filter. 

• Tlie potash used generally itself jjives a precipitate with, chloride ol 
ammonium ; tlierefore. if a precipitate ib obtained here, it is well to compaa 
ita bulk with the balk of a precipitate obtained by boiling esoeas O 
ehloride of ammonium with a quantity af potash equal to that used 
before. For delicate analyses of conrse pure potaah (or soda, see p. 13)' 
must be nsed. 

i" "With the erception of ailioa the acids are not looted for hero, aa 
will be found in the regular examination for acids. 

X The iirst three metals cannot be present if the precipitate has a 
white color. 
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A yellow precipitate icdicatea cobalt. 
The filtrate. Add potash ; if a precipitate ia produced, 
filter it off and test it for nloliel in the borax head, 
/j Boil to expel liydroanlphuric acid, filter if necessary, 
and divide into two parts, the first much smaller than the 
second. 

1. Add dilute sulphuric acid, and filter. 

The precipitate may contain barlam, Btrontlnm, and 
possibly also calcium. Wash and examine it by the 
spectroscope, or fuse it with carbonate of potassium 
and sodium, treat with water, wash, and examine as 
directed 4 1- 

The filtrate. Mix with three volumes of alcohol. A 
precipitate consists of sulphate of calolum. Dissolve 
it in water, and test the solution with oxalate of 
ammonium. 

2. Add some strong nitric acid, and boil. Test a small 
portion with sulphocyanide of potassium for Iron. To the 
rest add ferric chloride (to separate phosphoric and silicic 
acids) till a drop on a watch-glass gives a yellowish pre- 
cipitate with ammonia, evaporate on a water-bath to a small 
bulk, add water, nearly neutralize with potash, then add 
carbonate of barium in excess, and allow to stand in the 
cold. Filter. 

jjg Wash well and divide into two parts. 
1. Boil with chloride of soda, and filter. A yellow 
filtrate indicates oUromlnm. 

3. Boil with potash, and filter. To the filtrate add 
excess of chloride of ammonium, and boil ; a precipi- 
tate may contain alumina and sihca. Test for allloa 
by the microcosraic head. If it is present, ignite the 
rest of the precipitate on a platinum crucible lid, add 
acid sulphate of potassium, fuse, and treat with hydro- 
chloric acid. The silica is left behind, and alumina, 
if present, ia dissolved. Add ammonia to the solution ; 
a precipitate indicates alumlnloin. 
/, Add a few drops of hydrochloric acid, boil to 
expel carbonic acid, and add ammonia and sulphide 
of ammonium. Filter. 

p^ Wash with water containing a little sulphide 
of ammonium, treat with acetic acid, and filter. 
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p^ may contain zinc and traces of nicltel 
and cobalt. Wash it, treat with dilute hydro- 
chloric acidj and filter if necessary. Treat tlie 
filtrate with nitric acid, evaporate to a smi 
bulk, add potash, boil, and filter if necessary. 
Test the filtrate with sulphide of ammonioiBJ 
for zinc. If a black residue is left on tl 
treatment with hydrochloric acid, or if a ] 
due insoluble in potash is left, test it 
nickel and cobalt. 

f^ Boil with potash, filter off the preciji 
tatc, and test it in the carbonate of sodii 
bead for mang'aneBe. 
/g First remove the barium by adding 
phuric acid, boiling and filtering, then supersatu- 
rate with ammonia, add oxalate of anamoniiun, 
and filter ofi' any oxalate of calcium which may be 
precipitated. Test the filtrate with phosphate of 
sodium for inaBrme»lain. 

PRECIFITATION OF THE MeTALS OF GrOPP IV. BY Citt- 

BONATE 0¥ AmMONIDM {iN THE PRESENCE OF CbLORIDE OF 

Ammosii'm), and Examination of the Pbecipitate. 

To the filtrate from the snlphide of ammonium precipitate, 
add cai'bonate of ammonium, warm gently, and filter. El- 
amine the filtrate as directed 4fi. 

The precipitate may contain barium, strontium, and calcium 
carbonates. Wash it, dissolve in the least quantity of hydro- 
chloric acid, evaporate on the water-bath to dryness, and take 
up with a little water. 

To a portion of the solution add sulphate of calcium, and 
allow to stand for some time. 

No precipitate is formed. Absence of barium and stron- 
tium. Test the rest of the solution with oxalate of am- 
monium for calcium. 

^ precipitate is formed after some time. Absence of 
barium, presence of »troiitluin. Examine for caldnm 
as follows. Boil the rest of the solution with a strong 
solution of sidphate of ammonium for some time, add- 
ing more ammonia, if necessary, to keep the solution 
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alkaline; filter off tlie undissolved eulphate of strontium, 
and add oxalate of ammonium, A precipitate indicates 
calclnm. 

A precy»iale is formed immediately. Presence of barlnm. 
In order to teat for strontium and calcium, proceed as fol- 
lows : — Evaporate the rest of the §olution to dryness, 
digest the residue with alcohol, using a pestle to bring the 
alcohol in contact with every p^ticle of the residue, and 
filter off the undissolved chloride of barium. The filtrate 
contaius the strontium and calcium and traces of barium ; 
add sulphuric acid, and filter. Boil the precipitate with 
strong solution of sulphate of ammonium and a little 
ammonia for some time, and filter. 

The residue consists of sulphate of Btrontlum (and 

traces of sulphate of barium). Test it with the flame. 

The fiUrale. Dilute and test with oxalate of ammonium 

for calcium. 

4 fi- Examination of the Filtrate from the Carbonate of 
Ammonidm Precipitate for traces of Barium and Cal- 
cium, AND Removal of the Same, 

To one portion add sulphate of ammonium, in order to test 
for barium ; to another portion add oxalate of ammonium, and 
allow to stand, in order to test for calcium. If these metals 
are present, remove them from the rest of the filtrate by sul- 
phate and oxalate of ammonium before passing on to 5 a. 

n EsAMINATION FOR MeTALS OF GbOUF V. 

5 a. To a portion of the fluid from which barium, strontium, 
Bnd calcium have been separated, add phosphate of sodium, stir 
^11, and allow to stand for a short time. A crystalline pre- 
l^itate* indicates maffaeslnin. 

• A Blight flocculeut precipitate of phosphate of almniniam BometimeB 

' *""" ' ; on filtering it off it will be found to he soluhlein — *"■'■ 

ihate of magnesium and ammonium is inBoluble. 



(Bparatea here ; on filtering it off it will be found to he soluhle in poi 
weraaa phoBphate of magnesium and ammonium is inBoIuble. Tlu 
barance of uub precipitate ia explained as foUowB. Wlien aJi 



the onginal anbatance, and too large an e/oess of ammonia has 
__ naed with the sulphide of ammoninm for the precipitation of 
Iroup HI; a little hydrate of ^uminiam pasaea into the filtrate ; this ia 
bot tnrowii dowu hy the earbonate of ammonium, hut on addition of 
phosphate of Bodium. phoaphate of aluminium is formed, which is far lesa 
lohible in ammonia than the hydrate of alumnuuni. 
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If magnesium is not present. Evaporate a small quantity 
of the rest of the solution on a platinum crucible lid, ani 
i^te. 

^ no fixed residue is left. Potassium and sodium are 
absent. 

If a fixed residue is left. Evaporate the rest of the 
solution to dryness, transfer to a piece of porcelain 
a platinum crucible lid, and ignite till white funiea 
cease to be evolved. Dissolve the residue in the least 
quantity of water, and filter if necessary into a watch- 
glass. Pass on to 5 i. 
If magnesium is present, it must be removed from the rest 
of the solution. Evaporate the latter to dryness, transfer 
to a platinum crucible lid, ignite till white fumes cease to 
be evolved, warm the residue with a little water, add 
baryta water (or milk of lime} till the reaction is strongly 
alkaline, boil, filter, mi\ the filtrate with a little ammonia. 
and carbonate of ammonium, warm gently, filter, evaporate, 
and ignite. Dissolve the residue in the least quantity 
water, add a drop of hydrochloric acid, pour the solution 
into a watch-glass, and pass on to 5 b. 

5 l>. Ha^-ing got rid of the ammonium and also of the mag- 
nesium if present, proceed to test for potassium and sodium 
follows : — Dip a clean platinum wire into the solution, and hold 
it in the Bunsen flame ; a yellow color indicates aodlnnii 
Tlien add to the solution a few drops of chloride of platinum, 
and stir ; a yellow precipitate indicates potassium. If no 
precipitate is formed, evaporate to drj^ncss at a gentle heat and 
add a few drops of water; the least trace of potassium will 
then be indicated by a heavy yellow insoluble powder. 

If ammonium has not been found in the preliminary exami- 
nation, put a small quantity of the original substance into 
teat-tube, add a little potash, and warm, with your thumb 
on the top of the tube. Then remove your thumb, and smell 
the contents of the tube. A smell of ammonia indicatea 
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SOLUBLE SUBSTANCES. 

DETECTION OF ACIDS. 
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Warm some of the original substance with rather strong 
hloric acid. 
^ervescence with evolution of an odorless gas. Preseuce 
f carbonic acid. Coniimi by pouring the gas in the 
test-tube into another teat-tube cootaiuing a little lime- 
water, and shaking the latter. 

Efftrvescence with evolution of sulphuretted hydrogen. 
Presence of hydrosolpiturlc acid. Test for carbonic 
acid by passing the gas into lime-water by the aid of a 
cork and a bent tube. 

Dissolve the substance in its proper solvent, acidify with 
hydrochloric acid if not already acid, and divide into three 
portions. 

1. Evaporate to dryness. An insoluble residue indicates 
Blllclo acid. 

2. Add solution of molybdate of ammonium, and allow 
to stand in the cold. A yellow precipitate indicates 
pbosphorlo acid. 

3. Add chloride of barium. A white precipitate indi- 
cates sulphuric acid. Make sure that the precipitate 
is not soluble in water. 

To the original dry substance in a, wateh-glasa- add strong 
sulphuric acid. If the acid is colored yellow, and a smell of 
chlorine is evolved, oblorlo aold is indicated. 

Teat for nitric acid as follows : — Boil the original sub- 
stance with a small quantity of water, filter (if the filtrate is 
alkaline add excess of hydrochloric acid), mix with solution 
of ferrous sulphate and pour strong sulphuric acid gently to 
the bottom of the tube. 

For the following experiments prepare a solution as follows : 
If only alkali metals are preseiil, dissolve the original sub- 
[_ stance in water. 
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If other metals are present, boil tlie dry substance -wi'lfi 
solution of carbonate of sodium,* filteij boil the filtrate, and 
neutralize it with nitric acid. 

Take separate portions of the solution prepared as above. 

1. Acidify Tpith hydrochloric acid, and add sulphate of, 
copper. A black precipitate indicates hjrdrosalpbiirla 
aold. 

2. Acidify with nitric acid, and if hydrosulphuric acid ia 
present, boil the solution till it is expelled. Then add 
nitrate of silver. 

No precipitate is produced. Chlorine, bromine, and 
iodine are absent. 
A precipitate is produced. Take another portion rf 
the solution, add large excess of hydrochloric acid, 
then a little bisulphide of carbon and a drop of 
chloride of soda, and shake. Iodine, if present, will 
be at once indicated by the color of the bisulphide of 
carbon. Add now more chloride of soda drop by 
drop, well shaking till the violet color disappears. If 
the violet color is replaced by a yellow color, brombw 
is present. If bromine and iodine are absent, of 
course you can assume that chlorine is present. If 
bromine or iodine is present, you must test for 
chlorine specially by distilhng with bichromate of 
potassium and strong sulphuric acid. 

S.f Acidify with acetic acid, and add acetate of lead. 

yellow precipitate indicates ohromlo aold. 

4. Acidify with acetic acid, and add chloride of calcinm, 
A precipitate indicates hydrofluoric acid. Apply the 
etching test to the original substance. 

5. Acidify slightly with hydrochloric acid, dip 
paper in the solution, and dry it. A brown stain indicates, 
b oracle acid. 



* In the case of substances insoluble in water, sometimea merely boiling 
with the solntion is not sufficicat to disaolve the acids, and fuflion with tha' 
dry carbonate of aodinm is neceaBaiy. 

f You need not teat for chromic acid if the solntion ia colorless. 



r 



ANALYSIS OF MIXTURES. 

INSOLUBLE SUBSTANCES. 

COMPLETE ANALYSIS. 



The following is a list of bodies -which are taken into 
consideration here : — 

CarboQ, 

Sulphur, 

Almuina, 

Bariuua Sulphate, 

Strontium Sulphate, 

Calcium Sulphate, 

Calcium Fluoride, 

Chromic Iron [{FeMg)0 . (CrAl)305], 

Leatl Chloride, 

Lead Sulphate, 

Silver Chloridej 

Silica, 

Silicates, 

Stannic Oxide. 

Besides these, there arc bromide and ioniide of silver, and 
certain aluminates, arseniatea, fluorides, and metaphosphates, 
hut they are of less frequent occurrence, 

PRELIMINARY EXAMINATION. 

ThU may be omitted if there is only a small quantity of the 
mbBtance. 

1. Kcat a portion in an ignition tube. If aulpbur 
lublimes, that element is present. 

If the substance is black, this indicates generally the 
presence of carbon (coal, graphite, &c.). Heat a portion on 
platinum foil over the blowpipe flame; if the black matter 
burns away, it waa carbonaceous. Graphite is recognised by 
its marking paper ; it will not burn without the aid of oxygen. 

Warm a portion with a strong solution of cyanide of 
potassium for a short time, filter, and test the filtrate with sul- 
phide of iimmonium, A precipitate indicates Bllver. 

If a residue remains in 3, wash it completely. If it is 
white, moisten it with sulphide of ammonium ; a blackening in- 
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dicates lead. If the residue ia black already, heat it with 
acetate of ammouiiim aad a little acetic acid, fitter, and lest 
the filtrate with hydroaulphurie acid for lead.* 



ACTUAL ANALYSIS. 

If the absence of lead, silver, or sulphur has been demonslrated, 
of course the processes for separating Ihem may be omitted. 

To extract the lead, heat the substance repeatedly with 
freah portions of a strong aolution of acetate of ammonium, 
and filter. 

/j Divide into three parts. 

1. Acidify with nitric acid and add nitrate of silver, 
precipitate indicates oUorlne, 
3. Acidify with hydrochloric acid and add chloride of 
barium. A precipitate indicates anlpliurlc add. 
S. Add Bidphuric acid in excess, A precipitate iudicates 
lead. 

P^^ Wash it. To extract the silver, digest repeatedly 

with fresh portioua of solution of cyanide of potassium at 

a gentle heat (if sulphur is present, in the cold), and filter. 

/, Divide into two parts, the first large and thej 

second small. 

1. Add sulphide of ammonium and filter off the 
sulphide of stiver. Test it by dissolving in nitric 
acid, diluting, and adding hydrochloric acid. 

2. Acidify with hydrochloric acid and add chloride 
of barium. A precipitate indicates aulphnrlo acid.f 
p^ Wash and dry it. To drive off the salpbnr, 

. heat in a covered porcelain crucible. Then fuse with 
four parts of carbonate of potasaium and sodium and 
one part of nitre in a platinum crucible, and pour out 
the fused mass. Powder it finely, boil it well with 
water, and filter. 

/j Divide into four parts. 

1. Test for aulphnrlo aold. 

2. Test for flnorine. 

• Tte lead in glass will not be detected bero. 

"t" Derived from aulpkatea of barium, atrontium, or calcium, which n 
have been more or less decomposed by the carbonate of potasaium & 
taiaed in the cyauide of potassium. 
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3. If yellow, obromlniB is present. Confirm ty 
acidifying with acetic acid, and adding acetate of 



4. Add hydrochloric acid and evaporate to dry- 
ness, then take up again with hydrochloric acid 
and water. An insoluble residue indicates allioa. | 
Test the solution for metals whose oxides ar&B 
soluble in alkalies. M 

Wash till the washings give no precipitate 
with chloride of barium. Dissolve in Lydrochloric 
acid and test for metala in the usual manner.* If 
a residue still remains, it may be silica, sulphate 
of barium, fluoride of caicinra, or (if dark-colored) 
chromic iron. As regards fluoride of calcium, it 
is readily decomposed by sulphuric acid. As 
regards chromic iron, the best way to decompose 
it is as follows : — Project the finely-powdered 
mineral into twelve times its bulk of fiising acid 
sulphate of potassium, stir often and fuse for Jialf 
an hour, first gently, then at a strong heat, till 
fumes of sulphuric acid cease. Then add car- 
bonate of sodium to about six times the amount 
of the mineral, fuse and add gradually nitrate of 

■ potassium in quantity equal to that of the car- 
bonate of sodiiun ; after some time increase the | 
heat, stirring diligently with a platinum wire. ' 
When cool, boil with water. 

If mncH silica has been found, first separate what may be present J 
I by evaporating the solution to dryness aod taking up again witi# 
rochloric acid and water, and then proceed to test for metals. 
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Analysis of AUojtb. 

ItEDncE to a fine state of division {by filing, boring, cutting, 
or pounding), and treat with a mixture of equat parts of 
strong nitric acid and water, till all action has ceased j add 
f ater, and filter. 

The residue may contain stannic oxide, oxide of antimony, 
and a little arsenic oxide. Wash and treat it according 
to p. 74, 5. 

The filtrate. Evaporate a drop or two to dryness, to dis- 
cover if anything has been dissolved. If so, evaporate off 
the greater part of the excess of nitric acid, and examine 
for metals in the usual manner. 
Note. — Tin is converted by nitric acid completely into in- 
Soluble stannic oxide. As regards the action of nitric acid on 
fintimony, the dilute acid converts it almost entirely into 
sintimonious oxide ; the boiling strong add converts it almost 
entirely into antimonic oxide, and generally the more concen- 
trated the acid the more antimonic oxide is formed. Neither 
of the oxides of antimony is altogether insoluble in nitric acid ; 
traces of antimony may therefore pass completely into solution. 
Arsenic oxide is soluble, but a portion is liable to combine 
with tin and antimony oxides. 

Analysis of Silicates. 

Silicious minerals may be dirided for analytical purposes 
into two classes ; first, silicates readily decomposable by acids 
(hydrochloric, nitric, sulphuric) ; second, silicates not readily 
decomposable by acids. Many rocks are mixtures of silicates 
belonging to both classes. 

To ascertain to which of these two classes a given silicate 
belongs, reduce it to an impalpable powder, and digest a por- 
tion with strong hydrochloric acid at a temperature near the 
boiling point. K this fails to decompose it, try another por- 
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tion by long-continued heating, with a mixture of three pari* 
of strong sulphuric acid and one part of water. If this alaO 
fails, the silicate belongs to the second class. Whether decom- 
position has been effected or not may generally be seen at one^ 
as in the former case a colored solution almost always forms, mi 
the separated, gelatinous, flocculent, or finely pulverulent 3ili( 
takes the place of the original hea^-y powder, which grated 
under the glass rod with which it was stirred. Whether the 
decomposition is complete, or extends ouly to one of the com- 
ponents of a rork, may be ascertained by boiling the separated, 
silica {after it has been washed) with a solution of carbonate 
sodium. If a clear solution is obtained, complete decom-i 
position has been effected ; if not the decomposition is onl; 
partial. 

In whichever way the substance is analysed, it must first b 
reduced to an impalpable ^lowder, 

SILICATES READILY DECOMPOSABLE EY ACIDS. 

Silicates Decomposable by Hydrochloric Acid or by Nitric Acid. 

1. Digest the substance with hydrochloric acid at a tem- 
perature near the boiling point, until complete decom position 
is effected, filter a small portion, and reserve the filtrate i 
subsequent examination ; evaporate the rest of the fluid and' 
precipitate to dryness, and heat the residue to a temperaturs 
barely exceeding 100°, breaking up the lumps with a pestl^ 
until no more fumes of hydrochloric acid escape ; allow t 
cool, moisten the residue with hydrochloric or nitric acid, s 
the case may be, add water, warm and filter. Examine the 
filtrate for metals in the usual way. Wash the residue ; 
consists of silica, but it can never be considered pure without 
further examination. It frequently contains titanic aoid, 
and occasionally also barium and strontium sidphates and 
alumina. It is best tested by being heated in a platinum disb 
repeatedly with hydrofluoric and sulphuric acids till all the 
silica is volatdized. The residue is finally ignited, fused witfc 
acid sulphate of potassium, and treated with cold water. If t 
residue remains, it is examined for barium (and strontium)^ 

* Nitric is to be preferred where load o: 



4LYSIS. 129 

The aqueous solution is diluted and tested for titanic acid* 
by loug boiling ; the filtrate from the latter is tested for 
alamiuium by ammouia, ( If it is possible that any chloride 
of silver has separated with the silica, digest a portion of the 
latter with ammonia, filter, and teat the filtrate by super- 
Bturatidg it with nitric acid.) 

Carbonates are detected in the original treatment 
with hydrochloric acid. If »alphldea are also not found in 
manner, tbey may be tested for with hydrochloric 
«id and zinc (p. 78,4). 

If the separated silica is black, and turns subsequently white 
on ignition, this indicates the presence of oarbon or organic 



Examine the portion of the hydrochloric acid solution filtered 
before evaporating, as follows : — Test one portion for anl- 
Uiarla add. Test another portion for araenlo acid by heating 
to 70°) passing sulphuretted hydrogen into it, and examining 
lie precipitate formed. Test a third portion for phoBpborlo 
lid by evaporating with addition of nitric acid to dryness 
. the water-bath, wai-miug the residue with nitric acid, fil- 
lering, and adding molybdate of ammonium solution to the 
Utratc. When arsenic is found, use the filtrate from the 
dphide of arsenic to test for phosphoric acid. 
Boraclc add is best detected by fusing a portion of the 
pabstanee in a platinum crucible lid with carbonate of potassium 
id sodium, boiling with water, and testing with turmeric paper. 
In many cases boiling with water is sufficient to dissolve 
9ie ohlorldea present, but the safest way is to dissolve the 
lilicate in nitric acid. The chlorides when dissolved are 
|fit«cted, of course, with nitrate of silver, 
Flnoridea are detected by the method given in p. 87, 3. 

• If tie silica haa been separated by evapoTation on the water-bath, 
ily a portion of the titanic acid is found with it ; the other portion — 
ben the larger — -pasaes into the hydrochloric acid solution, and is pra- 
[ritated with the iron and almninium oa the addition of ammonia. In 
ir to find this latter portion, fuse the dried precipitate with acid sul- 

Wte of potassium, dissolve in cold water, niter if necessary, dilute 
l^ely, pass hydrosalphnriu acid till all the iron is converted into the 
lad st^«, and (without filtering' off the sulphur) keep the fluid boding 
r half an hoar, passing carbonic acid throtLghit all the while. FUter, 
tab, and ignite ; the sttlphiir will burn off, the titanic acid wdl ramain. 
hoald it stdl contain iron, disaolve it again by fnsing with acid aalphate 

f potasBium and treating with cold water, and precipitat« it by boiling 

ith. hyposulphite of sodium. 
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Silicates which ResUl the Action of Hydrochloric Acid, but 
are Decomposed by Sulphuric Acid. 

Heat the silicate with a mixture of three parts of strong 
sulphuric acid and one part of water {preferably 
platinum dish), finally drive oflF the greater portiou of the 
sulphuric acid, boil the residue with hydrot;liloric acidj 
dilute, and filter. Examine the filtrate for metals in the 
usual way. The residue cousista of the silica, and may 
also contain sulphate of barium, &c. ; examine it by p. 128, 1, 
To test for other bodies treat a portion of the substance ac- 
cording to the method given below. 



SIUCATES NOT READILY DECOMPOSABLE BT ACIDS.* 

1. Fuse the silicate with six parts of carbonate of po- 
tassium and sodium till no more gas is evolved. Pour it. 
out and reserve a portion for the examination for acids. 
Put the rest into a porcelain dish, add water and hydro- 
chloric acid, and heat gently till nothing but flocks of silica, 
remain undissolved, evaporate to dryness, and treat tl 
residue as directed p. 128, 1, for sUlca and all the 
except potassium and sodium. 

2. Mix the silicate with five parts of pure, finely pul* 
verized fluoride of calcium, stir the mixture in a platinum 
crucible with strong sulphuric acid to a thickish paste, and 
beat gently for some time under a good draught, finally 
increase the heat till the excess of sulphuric acid ia driven 
ofl'. Boil the residue with water, add chloride of barium," 
as long as a precipitate continues to form, then baryta 
waler to alkaline reaction, boil, filter, mis the filtrate with 
carbonate of ammonium and ammonia, filter, evaporate and 
ignite the filtrate, and examine for potassinin and sodium 
in the usual way. 

* It will be anderstood, from what has been statcJ, that theae 
not decompoied bj heating with hydrochloric acid and salphimc anii 

open TeaHels ; but by heating them, reduced to a fine powder, . .. ^^ 

glass tabe, with a mixture of three parts of concentrated sulphuric acac 
and o&e part of water, or with hydroeiiloric acid, to between 200° and 21Cr,| 
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BoQ tbe poTtioii of the fosed mats reserred in I, 
T, and filt^. XKnde the filtrate into ibnr ports, and 
[ th^B as ffdlon : — 

1. Addify vith nitric acid and add nitrate of sitrcr, 

2. Test fof ^Bgaele meld with tormeric paper. 

3. Tett far ■nttriae ai^rordiog to p. 88, 4. 

4. Acidify vith hydrochloric acid. Test a portion for 
solpkiiric add vith chloride of harinm. Heat the 
rest to 7t!r. and pass solphBrctted brdrogen to te^ for 

■■ add. If a preFi[Htate is formed, filter it off, 
add nitric acid to the solndoo, and evaporate to dryness, 
treat tbe residue with nitric acid and water, and test 
the atdation for phosphoric add with moijbdate trf 



AnalT&ls of XSineral Watr«».* 

TIm following bodies may be present : — 
MsuLS. — Iron, Manganese, Thalliiun, Almniaiain, Barinm, 
n jutitim , CaleitoH, Magiummn, Potassium, Sodom, Ammo- 
Bm, Uthinin, Cxsiom, Babidinm. 

Acids. — Hydrosnlphnric, Hi/drocAloric, Hydrobromie, Hy- 
Nitric, Xitrous, Boracic, Carbonic, Hydroflnoric, 
Silicie, Sulphurie. 
Omataic HAtTEa. 

metals and acids, those in italics occor in 
I in considerable proportions : iron and hydrosul- 
l occur sometimes in considerable proportionSj the 
nif fbond in traces. 

a the ioIk>wiiig woAb bj- the aothor maj W refemd 



g der MilieTalqnellen zn Wildiiiigeii.'' AidIkd ; Mittler. 

■ Katsa-' imd dee Ladwii^bniniieiis, wie der EluabetfaeB- 
d>iii^T.d.H." WJeslndeni KreideL 18*Kl and 1861. 
r Tnnkqnelle, der Badeqaelle and der BelenetiqiieDe m 

' AroiMn : Sp^jrer. 1^65. 

■ dtf Dribni^er nnd Henter QaeDe." 'Wiesbaden: KwiAfl 
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There are also sometimes present oxygen, nitrogen, marsh 
gas, hyposulphurous acid, formic acid, propionic acid. But 
these are not considered here, as their detection usually com- 
prises their quantitative estimation. 

The analyst has moreover to examine the muddy ochreous 
deposits or solid sinter-deposits^ of the spring, or possibly the 
residue left upon the evaporation of very large quantities of 
the water for lead, copper, antimony, arsenious and arsenic 
acids, nickel, cobalt, and other heavy metals. The greatest 
care is required in this examination to make sure that any 
heavy metals found do not proceed from pipes, stopcocks, &c. 
And of course the reagents used must be tested with equal 
care. 



OPERATIONS AT THE SPRING. 

1. Filter the water, if it is not perfectly clear, through 
Swedish paper, and collect the filtrate in large stoppered 
bottles. The residue on the filter is also reserved for exami- 
nation. It may contain not only the matter suspended in the 
water, but also those constituents which separate at once upon 
coming in contact with the air (ferric hydrate, phosphate, sili- 
cate and arseniate). 

2. The presence of free carbonic acid is usually sufficiently 
visible to the eye. However to convince yourself by positive 
reactions you may test the water with tincture of litmus and 
with lime water. If carbonic acid in the free state is present, 
the former acquires a wine-red color ; the latter produces tur- 
bidity, which must disappear upon addition of the mineral 
water in excess. 

3. Free hydroBulphurlc acid is most readily detected by 
the smell. For this purpose half fill a bottle with the water, cover 
with the hand, shake, and then smell. In this way distinct 
traces of hydrosulphuric acid are often found which would 
escape detection by reagents. However, if you wish to have 
some visible reactions, fill a cylinder with the water, add a few 
drops of solution of acetate of lead in potash, place the cylin- 
der on a sheet of white paper, and look down through the 

* These are the deposits which form in coimection with most mineral 
springs, by the action of the air on the water. 
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water. Or half fill a large bottle with the water, and close 
with a cork to which is attached a slip of paper on which 
some acetate of lead and then carbonate of ammonium have 
been dropped ; shake the bottle gently from time to time, and 
observe whether the paper is colored in the course of a few 
hours. Should the first experiment with acetate of lead indi- 
cate hydros ulphuric acid, while the second experiment with 
acetate of lead fails to indicate it, this shows that the water 
contains sulphide of potassium or sodium, but no free hydro- 
sulphuric acid. 

4. Mix a wineglasaful of the water with tincture of ^alls. 
If an inky color is produced, dyad Iron is present. The 
coloration makes its appearance only after some time, and 
increases in intensity from the top towards the bottom. 

opehations in the laboratory. 
Examination for those Constituents which abe pkese.vt 

IN LAKOEK qXlANTITIES. 

EvajMDratc a litre or two of the water to dryness,* and heat 
the residue to faint redness. Blackening indicates orgAJiie 
niA'tter. Mix the residue thoroughly, that it may have the 
same composition throughout. Boil a small poi'tion with 
hydrochloric acid, filter, and test the filtrate for sulphuric 
acid. Boil a second small portion with niti-ic acid, filter, and 
test the filtrate for hydrocIiloTlo add. Treat the rest of 
the residue with hydrochloric acid (an effervescence indicates 
oarbonlo add), and boil repeatedly with fresh quantities of 
the acid till all that is soluble has dissolved ; then filter. 
Wash the residue, and test it for silica in the microcosmic 
bead. 

Heat the solution, and add to it a slight excess of am- 
monia. If a precipitate forms, filter it off; it may contain 
ferric hydrate, alumina, and phosphates, but need not be 
regarded here. Now add more ammonia, and oxalate of 

' The eva]>oration. may ba commenced directly over tie flame, bnt 
sliotild bo fluiBhud on a water-bath.. A large ailver diah may be used, or 
in liefanlt of this a porcelain diah. If a porcelaia diali is uaed, when 
the water haa been reJuced to a small bult, it should be tranaferred with 
the depoeit, if any, to a platinum diah ; should the deposit adhere to the 
_ porcelain, it may be removed with a platinum knife. 
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ainmoniiim in excess ; filter oflf the precipitate of oxalate 
calcium. Divide the filtrate into two parts. To the firrt 
add phosphate of sodium^ stir ircll, and allow to Bta,nd twelve 
hours ; a precipitate* indicates mag^flslnm. Evaporate the 
second pan to dryness, remove magnesiTim, if present, in the 
usual way, and test for sodlam and potassium. 

Examination for those Constituents which are present 

IN MINUTE quantities. 

1. To two or three gallons of the water add pure car- 
houate of potassium in slight excess, evaporate as directed 
p. \Z3, fool-no/e, and ignite the residue to faint redness. Mix 
the residue thoroughly, and then divide it into three parts, a 
aiid 6 each ahout a quarter, and c a. half. 

a. Warm with water, add nitric acid, digest for some time 
at a temperature near the hoiliug point, filter, and test for 
pltOBpliorto acid with molybdate of ammonium. 

6. Heat with water, add chloride of calcium as long 
precipitate continues to foroa, allow to settle, and collect the 
precipitate on a filter. Wash it, dry, ignite, transfer to a 
diah, add water, then excess of acetic acid, evaporate to dry- 
ness on the water-bath, heat till there is no more smell of 
acetic acid, add water, warm again, collect the insoluble 
residue on a filter, wash, dry, ignite it, and examine fmr 
fluorine by the etching test. 

c. Boil repeatedly with water, filter, and wash the residue 
with boiling water. 
The residue : 

Consists chiefly of calcium and magnesium carbonates; 
silica, and — in the case of chalybeate waters — ferric oxide^. 
It may ako contain barium, strontium, aluminium, manganese, 
and titanic aeid. Treat a portion with water in a dish, add 
hydrochloric acid to slightly acid reaction, then four or five. 
drops of dilute sulphuric acid, evaporate to dryness, moisten. 
with hydrochloric acid, add water, warm gently, filter, and' 
wash the residue, 

• This precipitate is often visible only on tlie sides of tlie vessel when 
tlifi fluid has been poured out 
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pj consists principally of silica; it may also contain 
sulphate of barinm, titanic acid, and carbon. Heat in a 
platinum dish repeatedly with hydrofluoric and sulphuric 
acids, till all the silica is driven off: finally evaporate 
to dryness. If a residue remains, fuse it with acid 
sulphate of potassium, treat with cold water, filter, and 
test the solution for titanic aold by Ion g;-c on tinned 
boiling. If, on treating the fused mass with water, a 
residue remaiued insoluble, wash it, aud incinerate the 
filter. Expose the ash on a platinum wire to the reducing 
Hame for some time, moisten it with hydrochloric acid, 
and teat for barium in the spectroscope. (Strontium will 
hardly be found here.) 

/^. Transfer to a flask, add chloride of ammonium, am- 
monia till just alkaline, then sulphide of ammonium; fill 
the flask up to the neck, close it, and allow to stand 
twenty-four hours in a rather warm place. Filter, 

P2- Dissolve in nitric acid, boil, add pure soda in 
excess, boil again, and filter. 

Py Test a part for manganese in the carbonate 
of sodium bead, aud another part for Iron, by 
dissolving in hydrochloric acid, and adding sul- 
phocyauide of potassium. 

fy Add excess of chloride of ammonium, and 
heat. A precipitate indicates aluminium.^ 
/g contains generally the whole of the strontium, and 
possibly traces of barium. Precipitate it with car- 
bonate of ammonium, filter after some time, wash the 
precipitate, dry and test it as directed p. 76, 3rd par. 
The solution ; 

Evaporate to a very small bulk, allow to cool ; place the 
dish in a slanting position that the small quantity of liquid 
may separate from the saline deposit ; transfer a feir drops of 
the fluid to a watch-glass, acidify very slightly with hydro- 
chloric acid, and test with turmeric paper for boraolo aold. 
Evaporate the contents of the dish to dryness, rubbing with a 
pestle, 80 that no moisture may remain. Divide the residual 
powder into two parts, one larger than the other. 



• It is no uae testiBg for aluminium if a porcelain diali liaa been used 
1 the evaporation. 
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Put the larger portion of the powder into a flask/ add 
alcohol of 90 per cent., boil in a water-bath and filter hot; 
repeat the operation with fresh alcohol twice. Mix the solu- 
tion with a few drops of potash, and evaporate to drynesg. 
Treat the residue three times with warm alcohol, £lter, evapo- 
rate the filtrate to dryness with addition of a drop of potash, 
dissolve in a little water, acidify with hydrochloric acid, add 
bisulphide of carbon, then chloride of soda, and shake; if 
iodine is present, add more chloride of soda cautiously till 
the brominey if present, shows itself. 

Warm the smaller portion of the powder with water, add 
hydrochloric acid to distinct acid reaction, evaporate nearly 
to dryness, then mix with alcohol of 90 per cent., and filter. 
Evaporate the filtrate to dryness and test for lithioin in the 
spectroscope. 

2. To some of the clear water add mercuric chloride and 
carbonate of potassium to test for cunmoniam. Or put a litre 
of the water into a retort, distil over 100 c. c. through a 
Liebig^s condenser, and apply Nessler^s test. 

3. Evaporate some of the water to dryness, finishing on 
the water-bath, and test for nitric acid with brucia or sulpho- 
phenic acid. 

4. To some of the water add a solution of iodide of 
potassium and starch,^ and then some pure dilute sulphuric 
acid, and allow to stand a few minutes. A blue color indicates 
nitrous acid. It is well to try a counter experiment with 
pure water. 

5. To twenty or thirty gallons of the water add carbonate 
of sodium till the reaction is just alkaline, and evaporate in a 
large iron vessel until the salts soluble in water begin to 
separate, then filter. The precipitate may be washed (the 
washings not being mixed with the filtrate) and examined by 
the method given below for sinter-deposits. Mix the filtrate 
with hydrochloric acid to acid reaction, heat, just precipitate 
the sulphuric acid with chloride of barium, filter oflf the precipi- 

* 1 part of iodide of potassium, 20 parts of starcli, 500 parts of water. 
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tate, evaporate to dryness, digest with alcohol of 90 per cent., 
aud examine for ceealnm and mbldinm accordiug to the 

■ directions given under the head of the Detection of Rare 
Metals. 

Dissolve the residue insoluble in alcohol in a little hot 
water, and add ammonia in excess ; if a precipitate appears, 
filter it off. Add iodide of potassium to the warm solution, 
and allow to stand. If a precipitate forms, teat it in the 
spectroscope for tbaJllnm. 

Examination of the Sinter-Deposit. 

1. Eemove sand or stones by sifting or elntriation, and 
soluble salts by washing. Then digest about 200 grm. with 
water and hydrochloric acid (effervescence indicates oarbonlo 
Bold) at a gentle heat, until the soluble part is dissolved. 
Dilute, allow to cool, filter, and wash the residue. 

The filtrate: 

Divide into two portions, one larger than the other. 
Heat the larger portion to 70°, and conduct bydrosulphuric 
acid into it for some time. Then allow to stand in a mode- 
rately warm place till the smelt of hydrosidphuric acid baa 
passed off, and filter. 

Py ■ Wash and dry, remove the greater part of the free 
sulphur by bisulphide of carbon, warm gently with yellow 
sulphide of potassium, dilute, filter, aud wash the residue 
with water containing a little sulphide of potassium. 

p^. Remove from the filter, boil with dilute nitric 
acid, filter, aud wash the residue. 

7*3. Treat with sidphuretted hydrogen water, 
so that sulphate of lead may not be overlooked, 
then test for barium and strontium by incine- 
rating, holding the ash on a platinum wire in the 
reducing flame for some time, moi.stening with 
hydrochloric acid, and finally holding in the spec- 
troscope. 

/g. Add pure sulphuric acid, evaporate to dry- 
ness on the water-bath, treat with water, and filter. 
The residue consists of sulphate of lead 1 to make 
aure^ wash it, aud treat with sulphuretted hydrogen 
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water. To the fillrate add ammonia, to test fo 

copper. 

f.y Precipitate with hydrochloric aeid. Wash f 

dry the precipitate, extract with bisulphide of carhon 

treat the filter and precipitate with red ftiming nitrit 

acid in a dish, evaporate off the greater part of the 

acid, add excess of carbonate of sodium aud some 

nitrate of sodium, fuse and treat the fusion as directed 

p. 73, 1, for the detection of tin, antlmonr, i 

arsenic. 

fy Evaporate a portion to dryness, treat with ni 

acid aud water, filter, and test the filtrate for pbo»pliorl« 

add with molybdate of ammonium. Mix the remainder 

of the filtrate in a flask with chloride of ammonium^ 

ammonia, aud sulphide of ammonium, fill up to the r 

close, aud allow to stand in a rather warm place until tbi 

supernatant fluid is yellow. Filter. 

Py Wash with water containing sulphide of i 
nium, treat with dilute hydrochloric acid, and examine 
for nickeli oobalti Iron, ■nang'anese, zinc, alnmtM 
nlum aud silica, in the usual mauucr. Precipitab; 
a portion of the hydrochloric acid solution with i 
monia, and treat the jirecipitate as directed p. 128, Ij 
to examine for titanic acid. 

fy Add carbonate of ammonium and oxalate 

ammonium to precipitate calcium, barluiUi ant 

Btrontliun, and filter. Test the precipitate for bariiua 

aud strontium, as directed p. 76, 3rd par. Test 1 

Jiltrale for mag-neslum. 

Dihite the smalt portion of the hydrochloric acid aolutica 

considerably, add chloride of barium, and allow to stand twelve 

hours, to test for snlpliarlo add. 

The residue .- 

This consists usually of sand, hydrated silica, clay, organic 
matter, aud possibly also barium aud strontium sulphatei 
Boil with carbonate of sodium to dissolve the hydrated h 
then treat ou the filter with dilute hydrochloric acid to di 
solve the barium and strontium, leaving the clay behim 
Evaporate the solution to dryness, aud test for barlam aiul 
atrontium in the spectroscope. 
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Ignite a separate portion of the deposit, stir in water, 
idd acetic acid to acid reaction, evaporate until the aeid is 
>nipletely driven off, add water, heat, filter, wash, dry and 
;nite the residue, and examine it for flnorlna by the etching 
»t. 

Analysis of the Ashes of FlantSi Kannrea, ^o. 

The substance to be inciuerated must fii-st be carefully 
cleaned. The incineration ia effected best in a muffle, hut it 
may be conducted also in a crucible placed in a slanting posi- 
tion, or in a platinum dish, with the aid of a lamp chimney 
lo create a draught. The heat must always be moderate, that 
the volatilization of certain constituents, especially chlorides, 
may be avoided. It is not always necessary to continue the 
combustion until the carbon is entirely consumed. With ashes 
containing a large proportion of fusible salts, it is advisable 
first to carbonize thoroughly, to extract the mass with water, 
and then to complete the incineration. 

It is well to examine separately the aqueous extract, the 
hydrochloric acid extract of the residue, and the insoluble 



Extraction with Water, and Ex.imination of the 
Solution. 

Boil the asb with water, filter, and wash the residue. Di- 
Tide the solution into six parts. 

1. Heat, add hydrochloric acid in excess, and beat again. 
Effervescence indicates carbonate of potassium or sodium ; 
Kmell of sulphuretted hydrogen indicates sulphide of potassium 
or sodium produced from a sulphate by the action of carbon ; 
separation of sulphur and smell of sulphurous acid iiidi- 
( a hyposulphite (occasionally found in the ash of coal). 
Filter if necessary, and test the filtrate for snlphnrlo eold. 

Evaporate to a small bulk, add hydrochloric acid to 
scid reaction. Test a few drops with turmei'ic paper for 
boraolo acid. Evaporate the rest to dryness, treat the residue 
irith nitric acid and water, and filter. The residue consists of 
■lllca. To the filtrate add molybdate of ammonium to test 
for pboapltorlo add. 

Add nitrate of silver, as loug as a precipitate forma, 
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warm^ and add ammonia ; if a black residue remains^ 
consists of sulphide of silver, and is to be filtered off. 
with nitric acid in slight excess, and collect the precipitate 
a filter. It contains the chlorine (bromine and i 
If you want to test it for bromine and iodine treat it 
zinc and sulphuric acid, filter, add bisulphide of carbon and 
drop or two of chloride of soda, and^hake ; if iodine is p 
add more chloride of soda cautiously, and shake, when 
iodine color will disappear, and the bromine color will takeitol" 
place.* 

4. Heat with hydrochloric acid, add excess of ammonia, 
and oxalate of ammonium, and allow to stand. A precipitate 
indicates calcium. Filter it off, and test for ma^rnesiun bj 
adding phosphate of sodium, and allowing to stand twdve 
hours. Traces of magnesium are often found ; calcium is only 
met with in exceedingly minute quantities. 

5. Examine for potassiiiiii and aodimn in the usual 
way. 

6. Test for lithiam and rabidiam. See Detection of 
Lithium, &c., in Presence of Potassium and Sodium. 

Extraction with Hydrochloric Acid, and Examination 

OF THE Solution. 

If the residue insoluble in water contrins much carbon, in- 
cinerate it further. Test a small portion for fluorine (p. 87, 3). 
Warm the rest with hydrochloric acid. Effervescence indi- 
cates carbonate of calcium or magnesium ; smeU of chlorine 
indicates manganese. Evaporate to dryness with a little 
sulphuric acid, and heat a little more strongly, then moisten 
with hydrochloric acid and nitric acid, add water, warm and 
filter. Test the residue for barium and strontium (p. 135, 
jOj). Divide the filtrate into two parts. 

1. Add hydrosulphuric acid. If the precipitate is other 
than quite white you must examine it in the usual way. 

2. Mix with carbonate of sodium till a precipitate just 
begins to be formed, then add acetate of sfidium and some 
acetic acid, and filter. 

* Iodine in plants is best detected by dipping the plant in weak potash, 
drying, incinerating, treating with water, evaporating the solution to 
absolute dryness, exhausting with alcohol, and proceeding as directed 
p. 136, top. 
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A Trhite precipitate of ferric phoapbate usually 
forms, whicli may contain also phosphate of aluminium, 
"Wasli, heat with pure soda, filter, acidify filtrate with 
hydrochloric acid, add alight excess of ammonia, and 
warm ; a precipitate indicates aluminium, 
f-y. If not reddish, add ferric chloride drop by drop 
till a red color is produced. Heat to hoiling, filter hot,* 
add ammonia to the filtrate, then sulphide of ammonium ; 
allow to stand iu a flask filled to the mouth and closed, 
and filter after some time. 

p^. Esamine for manganese and zlnof 
/j. Examine for oaldum and ma^neBinm in the 
usual way. The calcium precipitate may contain 
Btrontinra, which may be tested for as directed 
p. 76, 3rd par. 



EXAMIXATION OP THE RESIDUE ESHATISTED BY WaTER AND 

Hydeoceloric Acid. 

Most ashes will entirely dissolve in hydrochloric acid with 
the exception of a little silica, which may separate, and of ex- 
traneous matter such as sand, clay, and carbon. In moat 
cases, therefore, you have only to boil the residue with car- 
bonate of sodium, filter hot, wash with boiling water, and test 
for silioa in the filtrate by evaporation with hydrochloric 
acid. 

Some ashes, however, contain large quantities of silica, and 
-silicates might be present in them which are not decomposed 
by hydrochloric acid. If you want to examine the residue 
you may divide it in half. Evaporate one half to dryness 
with pure soda in a silver or platinum dish. This decomposes 
the silicates, leaving the sand. Acidify now with hydro- 
chloric acid, evaporate to dryness, Stc., and proceed as above 
under the " Examination of the Hydrochloric Acid Extract." 
For the detection of alkalies use the other half of the residue, 
treating it as directed p. 130,2. 



• If the filtrate is colored, it must be boiled with i 
sodium. 

t This metal is occasionally fonnd. 



) acetate of 
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Analysis of Compound Cyanides'' Insoluble In \tratei 
or of nxixtures containing them. 

The presence of cyanogen in such substances is uanally ii 
dicated by the smell of hydrocyanic acid on heating ' 
hydrochloric acid, 

"Were you to attempt to dissolve them in acids, and analya 
them in the usual way, you would meet with confusing results 

If you simply wish to examine for metals, treat the powdered! 
substance with strong sulphuric acid diluted with a little water, I 
and ignite till the excess of acid is driven off- The residue | 
consists of sulphates, and may be analysed in the usual manner. 

But if yon wish to analyse the substance completely, the 
following method must be adopted. 



1. Extract the substance with water, boil the residue with 
potash for a few minutes, then add carbonate of sodium and 
boil again for some time. Filter and wash the residue. 

pj^. Will be free from cyanogen unless cyanide of silver 

is present. Examine in the usual way for mixed sub-i 

stances. 

/j. Add a snfBcient quantity of hydrosulphuric acid to 

test for copper, iron, &c.t 

If no permanent precipitate is formed, lead and zinc ara 

absent, pass on to /j. 

If a permanent precipitate is formed, add a little yellow sol* 

phide of sodium drop by drop till the copi)er, iron, &c., art 

just precipitated, heat gently, filter, and wash the precipi^ 

tate. 

p^. Dissolve in nitric acid {moronrlo sulphide may bft 
left), and examine for lead, copper, zinc, and Othei 
metals of the third group which may have dissolved 
by the agency of organic matter. 
/g. Add water, then sulphuric acid in excess, and 

• The analysis of simple cyanides is straightfiftwanl enough, as thM 
are all decompoaed by boiliag with, hydrochloric acid, hydrocyanic aoia 
btmig evolved, and the metal converted into chloride. ] 

f Do not add tie hydrosulphuric acid until the liquid smells of it, a<| 
this might lead to the precipitation of aluminiom, and even of tin, --■ ^^^^^ 
mouy, and araenlc, which are not intended to he thrown, down here. 
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Lydrosulphuric acid if the fluid already does not 

smell strongly of it. Filter. 

j7g. Wash, test for moronry, tfn, antlmonj, 
and arsenic in the usual way. 

/g. May coutain alumimum, cyanogen acida (coo- 
taioing cobalt, manganese, iron, ehrumium), and 
other acids. Divide into two parts, 

1. Test for aofda. 

2. Evaporate nearly to dryness, add strong sul- 
phnric acid, and heat, till the greater portion of 
the excess of acid is driven off. Dissolve the 
residue in water, and test the solution for cobalt, 
manganese, Iron, ctaromiam, and aluminium, 
in the usual way. 

2, Decompose another portion of the original substance by 
ignition with strong sulphuric acid, and test the residue for 
potasalunt and aodlnm, after having separated the other 
metals. 

General Sulea for the Detection of Xnor^anlc Sub- 
Btancea In the presence of Oripanlc BXatteri 

a. The substance dissolves in water, but the solution is dark- 
colored or slimy, 

1. Boil a portion of the solution for some time with nitric 
acid, and filter. If the organic matter is destroyed, use the 
solution for analysis in the ordinary way. If the organic 
matter is not destroyed, test the solution only for silver, 
potassium, and chlorine. 

2. If the organic matter has not been destroyed In l,heat 
a freah portion of the original solution with hydrochloric acid 
on a water-bath, gradually add chlorate of potassium until 
the mixture is decolorized and perfectly fluid. Heat until it 
no longer smells of chlorine, then dilute and filter. Examine 
the filtrate in the usual way. 

3. Aluminium and chromium, being not precipitated in the 
ordinary course of analysis when non-volatile organic matter 
is present, must be looked for separately. Mis a fresh portion 
of the original solution with carbonate of sodium and chlorate 
of potassium, and throw the mixture gradually into a red-hot 
crucible. Treat the fused mass with water, and esamine the 
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solution for chromic acid and almnininm^ the residue for 
aluminium. 

4. Test a firesh portion of the original substance for am- 
monium. 

b. The stibstance does not dissolve completely when treated mth 

boiling water ^ but the liquid can be filtered. 

Filter, examine the filtrate in the usual way j unless it 
requires decoloration, when the process directed in a must 
be adopted. If the residue 

is fatty. Remove the fatty matter with ether. If a residue 
still remains, examine by the usual method for mixed sub- 
stances. 

is resinous. Remove the resin with alcohol, or extract 
with alcohol first and then with ether. 
is neither fatty nor resinous (such as woody fibre). Dry 
and divide it into three parts. 

1. Incinerate* and examine the ash by the ordinary 
method for mixed substances. 

2. Examine for metals which may be volatilized by 
ignition, such as mercury, cadmium, arsenic, zinc, and 
for acids as directed in a. 

3. Test for ammonium. 

c. The substance does not completely dissolve when treated tvith 

boiling water, and the liquid cannot be filtered. 

Treat the substance like the residue in b. 

* It is often advisable first to carbonize tborongbly, then to extract 
with water and incinerate the residue, the aqueous extract and ash being* 
both examined. 
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THE RARE METALS. 

The rare metals may be classed as follows^ see p. 25 : — 

PRECIPITATED WITH METALS OF GROUP I. 



As acids 



Niobium. 
Tungsten. 
As chloride Thallium. 



PRECIPITATED WITH METALS OF GROUP II. AS 

SULPHIDES. 

Div. I. — Sulphides insoluble in sulphide of ammonium. 

Palladium. 
Rhodium. 
Osmium. 
Ruthenium. 

Div. II. — Sulphides soluble in sulphide of ammonium. 

Gold. 

Platinum. 

Iridium. 

Molybdenum. 

Tellurium. 

Selenium. 



PRECIPITATED WITH METALS OF GROUP III. 

f (Thallium). 
As sulphides J Uranium. 

(indium. 



l2 
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I Beryllium. 

Thorium. 

Zirconium. 

Yttrium. 

Terbium. 

Erbium. 

Cerium. 

Lanthanium. 

Didymium. 

Titanium. 
V Tantalum. 



As hydrates ( 



PRECIPITATED BY HYDROCHLORIC ACID IN THE FILTRATE 
FROM METALS OF GROUP III*, AS SULPHIDES. 

Vanadium. 
(Tungsten). 

FOUND AMONG METALS OF GROUP V. 

Lithium. 

Caesium. 

Rubidium. 

REACTIONS OP RARE METALS. 

Mlobium. 

Niobium forms two oxides, the niobous and niobic anhy- 
drides. The former is found in eolumbite, and samarskite. 
Niobous anhydride is white ; it varies in density between 4*6 
and 6*5 ; it combines with bases and acids. Strong sulphuric 
acid dissolves niobous anhydride upon heating j by addition of 
a large quantity of cold water, a clear solution is obtained, 
from which the niobous anhydride separates in combination 
with sulphuric acid, gradually in the cold, rapidly on boiling ; 
upon washing the precipitate with carbonate of ammonium, 
and then with highly dilute hydrochloric acid, the niobous 
acid is obtained ; and upon igniting the precipitate in an atmo- 
sphere of carbonate of ammonium, niobous anhydride is ob- 
tained. By fusion with acid sulphate of potassium, niobous 
anhydride is readily dissolved ; on treating the fused mass with 
water, sulphate of niobous anhydride is left behind. With 



r 
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itast, nioboua anhydride fuses to & clear mass, soluble in 
Water. With soda, nioboua anhydride fuses to a turbid mass, 
trom which water dissolves the excess of soda ; after the re- 
moval of the latter, the niobite of sodium dissolves in water. 
Fnsion with carbonate of sodium has the same effect as fusion 
with soda. By ignition of niobous anhydride, mixed witli 
[Charcoal, in a current of chlorine, white niobous chloride and 
yellow niobic chloride are formed ; both these chlorides are 



-solid, but the latter is somewhat more volatile than the former. 
Microcosmic salt dissolves nioboua anhydride copiously ; the 
bead produced in the inner flame shows a violet, blue, or 
brown color; addition of ferrous sulphate imparts a blood-red 
tint to it. The solutions of the alkaline niobites show the 
following reactions : — 

They are not rendered turbid by boiling. 
-Hydrochloric acid produces a precipitate which does not 

fredissolve in excess of the reagent (here nioboua acid differs 
&om titanic and tantalic acids). 

Ammonia and sulphide of ammonium added to acidified soln- 
tions produce a precipitate of acid niobite of ammonium. 

Soda slowly added to solution of niobite of sodium precipi- 
tates the salt in the crystalline form. 

•Sulphuric acid precipitates the whole of the niobous acid 
on boiling. 

Carbonic add throws down acid niobite of the alkali metal, 
which is soluble in boiling dilute solution of carbonate of 
'4odium. {Means of separating niobous acid from tantalic 
mcid.) 

Ferrocyanide of potassium produces a dark brown precipi- 
tate in acidified solutions. 

If hydrochloric acid is added and then zinc, the precipitate 
of niobous acid acquires a blue tint, which gradually changes 
to brown (here niobous acid differs from tantalic acid). 

Tungsten. 

Tungsten occurs most frequently as tungstate of calcium 
and the mineral wolfram. Tungsten, obtained by the reduc- 
tion of tungstic anhydride in a stream of hydrogen at an in- 
tense red heat, is an iron-grey powder, which fuses with ex- 
difficulty. The pulverulent metal is converted by ignition 
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iu the air into tungstic anhydride (WOg), by ignition in a cup- 
rent of dry air-free chlorine into dark violet hesachloride, \r\a<k 
ijublimes, and a more volatile red compound {WCl^ . WQJ. 
These clilorides are decomposed by water into the corre- 
sjjondiiig hydrates of tungsten with formation of hydK>. 
chloric acid. Tungsten is insoluble in acids, even in aqua 
regia, and also in potash; it dissolves, however, in the latter 
if mixed with chloride of soda. Binoxidc of tungsten is black; 
by intense ignition with free access of air it is converted into 
tungstic anhydride. Tiingatic anhydride is lemon-ycUow, 
fixed, insoluble in water and acids. By fusing tungstic anhy- 
dride with acid sulphate of potassium, and treating the fused 
mass with water, an acid solution is obtained, which contains 
no tungstic acid ; after the removal of this solution the residue, 
consisting of tungstate of potassium and excess of tungstie 
acid, completely dissolves in water containing carbonate of 
ammonium (means of separating tungstic from silicic add]! 
Tungstatea of the alkali metals soluble in water are forme^; 
readily by fusion with alkaline carbonates, but with difficullj 
by boiling with solutions of the same. In analysing wolfram^/ 
it is fused with alkaline carbonates, and treated with water, 
which dissolves the alkaline tungstate formed. Microeosmifl 
salt dissolves tungstic anhydride; the bead acquiring in the 
reducing flame a blue color, which turns blood-red on the ad-* 
dition of ferrous sulphate. The solutions of tungstates show 
the following reactions : — 

Hydrochloric acid, nitric acid, and sulphuric acid, produce & 
white precipitate, which is insoluble iu excess of the acids 
(here tungstic acid differs from molybdie acid), but soluble in 
ammonia. Upon evaporating with excess of hydrochloric acid 
to dryness, and treating the residue with water, tungstie 
anhydride is left undissolved. 

HydroBulpkuric acid barely precipitates acid solutions. 

Sulphide of ammonium fails to precipitate solutions of aJka-* 
line tungstates ; upon acidifying the mixture, light-brown teiv 
sulphide of tungsten precipitates, which is slightly soluble in- 
pure water, but insoluble in water containing salts. 

Ferrocyanide of potassium, added to acidified solutions, colora 
the fluid deep brownish- red, and after some time produces a 
precipitate of the same color. 

Slannoua chloride produces a yellow precipitate ; on acidi^ 
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ring with hydrochloric acid, and applying heat, this precipitate 
I acquires a beautiful blue color. (Highly characteristic and 
I delicate.) 

Zinc added to solutious of alkaline tungstatcj mixed with 
Iphosphoric acid, imparts a beautiful blue color. 

Chloride of barium, and nitrate of silver produce white .pre- 
« eipitates. 



This metal occurs in small quantities often in copper pyrites, 
jilron pyrites, and crude sulphur. It is also found accimiu- 
Uated in the dust of the flues leading to sulphuric acid eham- 
ibers, where the furnaces are fed with thalliferous pyrites. It 
us sometimes found in sulphuric acid and hydrochloric acid, 
"lepidolite, preparations of bismuth and cadmium, ores of zinc 
merctiry and antimony, the ashes of plants, and certain saline 
waters. There are two oxides — thallous oxide (Tl^O, the base 
of the salts) and sesquioxide of thallium. Thallous oxide is 
colorless and fusible ; when ftising it acts on glass or porcelain. 
It is soluble in water j the solution is colorless, alkaline, 
caustic, and absorbs carbonic acid. It is also soluble in 
Alcohol. Sesquioxide of thallium is insoluble in water and 
■dark violet ; its hydrate is brown. Sesquioxide of thallium is 
iardly acted on by concentrated sulphuric acid in the cold ; 
.©n heating it is dissolved. On beating it with hydrochloric 
i^t&cid, thallous chloride is formed with evolution of chlorine. 
"The thallium salts are colorless, some are soluble in water 
(sulphate, nitrate, phosphate, tartrate, acetate), some are difB- 
■cultly soluble (carbonate, chloride), some nearly insoluble 
{iodide, &c.). Thallium compounds color flame intensely 
/^^en ; the spectrum shows only one characteristic splendid 
emerald green line. If the quantity of metal is small, the line 
'soon disappears. The spectroscope generally affords the beat 
■Means of detecting thaUium. Thalliferous pyrites often gives 
'the green Kne at once. K you want to look for thallium in 
•crude sulphur, it is best to remove the greater part of the 
iBulphur with bisulphide of carbon, and then to teat the residue. 
■In the presence of much sodium with very small quantities of 
thallium the green line will not be seen, unless yon moisten 
the substance and examine the spectrum which is first pro- 
duced. Thallium salts give the following reactions : — 
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Hydrochlonc acid precipitates thallous cliloride, if the solib 
tion is uot very dilute ; the precipitate is white and readily 
subsides j light has no action upon it ; it is less soluble ' 
dilute hydrochloric acid than in water. 

Hydromlphuric acid does not precipitate acid solutions. 

Sulphide of ammonium produces in neutral solutions a blaclc 
precipitate of sulphide of thallium, which readily unite 
lumps, especially on heating. The sulphide is insoluble in 
ammonia, sulphides of the alkali metals and cyanide of potas- 
sium, it dissolves in dilute hydrochloric and sulphuric acids 
with some difficulty, and it is readily soluble in nitric acid. 
On being heated it first fuses and then volatilizes. 

Potash and ammonia produce no precipitate. 

Alkaline carbonatea precipitate the carbonate only from 
very concentrated solutions {for 100 parts of water dissolve 
5'23 parts of the carbonate of thallium at 18°). 

Iodide of potassium precipitates iodide of thaJliuiDj even 
from the most dilute solutions. The precipitate is light yel- 
low, almost insoluble in water, not quite bo insoluble in iodide. 
of potassitmi. 

Chloride of platinum precipitates chloride of thalliimi and- 
platinum (TlgPtClj) from solutions which are not too dilute 
the precipitate is of a pale orange color, and very difficultly 
soluble. 

Zinc precipitates the metal in black laminie. 

For the detection of thallium in the wet way, iodide of. 
potassium is the most delicate reagent ; if iron is present, it: 
must previously be reduce<J by sulphite of sodium. 

Palladium. 

Palladium is found in the metallic state, occasionally alloyed 
with gold and silver, but more particularly in platinum c 
It greatly resembles platinum, but is somewhat darker in 
color. It fuses with great difficulty. It does not oxidiza, 
when heated in the air. It is sparingly soluble in pure nitric 
acid, but dissolves somewhat more readily in nitric acid con- 
taining nitrous acid; it dissolves very sparingly in boiling 
concentrated sidphuric acid, but readily in aqua regia. It 
dissolves in fusing bisulphate of potassium. There arc thiee^ 



REACTIONS OF RARE METAL3. 153 

the suboxide, the protoxide (the base of the ordinary 

Its), and the binoside. Protoxide of palladium is black, the 
.te dark-brown; both are, by inteoae ignition, resolved 
)sygen and metallic palladium. Binoxide of palladium 

black; by heating with dilute hydrochloric acid, it is dis- 
hed to the ordinary chloride, with evolution of chlorine. 
The salts of palladium are mostly soluble in water; they are 
brown or reddish-brown ; they are decomposed by ignition, 
leaving metallic palladium behind. Water precipitates from a 
Bolution of the nitrate containing a slight excess of acid a 
brown basic salt. Chloride of palladium shows the following 
reactions : — 

Hydrosulphuric acid throws down black sulphide, insoluble 
in sulphide of ammonium, soluble in boiling hydrochloric acid, 
readily soluble in aqua regia. 

Sulphide of ammonium produces the same precipitate. 

Potash precipitates a brown basic salt, soluble iu excess of 
the precipitant. 

Ammonia produces a flesh-colored precipitate of N^H^PdClj, 
which ia soluble in excess of the precipitant to a colorless 
fluid; on adding hydrochloric acid to this solution, a yellow 
crystallirie body is thrown down, having the same composition 
as the first precipitate. 

Cyanide of mercury precipitates yellowish- white gelatinous 
cyanide of palladium, soluble in hydrochloric acid and in 
ammonia. {Very characteristic.) 

Slamious chloride produces, in the absence of hydrochloric 
acid, a brownish black precipitate; in the presence of hydro- 
chloric acid, a red color, which speedily turns brown, and 
ultimately green, and upon addition of water brownish-red. 

Ferrous sulphate produces a deposit of palladium on the 
sides of the glass. 

Iodide of potassium precipitates black iodide of palladium. 
(Very characteristic.) 

Chloride of potassium precipitates from strong solutions 
chloride of potassium and palladium (K^PdClJ, in the form of 
golden-yellow needles, which dissolve readily in water to a 
dark red fluid, but are insoluble in alcohol. 

Nitrite of potassium produces a yellowish precipitate, which 
becomes reddish by long standing, and dissolves in a conside- 
rable quantity of water. 
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Rliodium is found in small quantities in platinum ores. It 

is almost silver white, very malleable, and difficultly fuBible. 
When prepared in the wet way it is a grey powder. The 
powder when ignited in the air absorbs oxygen, which it giva 
up again upon stronger ignition. Rhodium is insoluble in all 
acids ; it dissolves iu aqua regia only when alloyed witib 
platinum, copper, &c., and not when alloyed with gold 
silver. Fusing metaphoaphoric acid and fusing bisulphate 
potassium dissolve it, forming a rhodium salt. There are foiiJ 
oxides : the protoxide, scsquioxide {base of the salts), binoside, 
and tetroxide (anhydride of a weak acid). The sesquioxide 
grey; it is insoluble in acids, hut dissolves in fusing meta-- 
phosphoric acid and in fusing bisulphate of potassium. Thew 
are two hydrates : a yellow and a brownish- black. The solu- 
tions arc rose-colored. 

Sulphuretted hydrogen precipitates in time, especially wheft 
assisted by heat, a brown sulphide, whieh is insoluble in 
sulphide of ammonium, but dissolves in boiling nitric acid. 

Sulphide of ammonium produces the same precipitate undef 
the same circumstances. 

Potash, if added in not too large excess, throws down A 
once yellow RoHgOj.HjO, \yhich is soluble in excess of the 
precipitant at the ordinary temperature ; on boiling the solu- 
tion, blackish- brown BoHgO^ is precipitated. In a solutim 
of the chloride, poti^h at first produces no precipitate, but, on 
addition of alcohol, black RoH^Og separates. 

Ammonia produces after some time a yellow precipitate, 
soluble in hydrochloric acid. 

Zinc precipitates black metallic rhodium. 

On beating with nitrite of potassium, the chloride of rhodiunti 
becomes yellow, and an orange-yellow precipitate is formed, 
which is shghtly soluble in water, but readily soluble in hydro- 
chloric acid ; at the same time another portion of the rhodium 
is converted into a yellow salt, which remains in solution anij 
is precipitated by alcohol. 

All solid compounds of rhodium, ou ignition in hydrogeSj 
yield the metal, which is well characterized by its insolubility 
in aqua regia, its solubility in fusing bisulphate of potassiuin/ 
aad the behaviour of its aolu.tioii to ^otoah and alcohol. 
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ObihIiuq. 

Osmium ia found in platinum ores as a native alloy of 
Hmium and iridium. It ia generally obtained as a black 
|Dwder, or grey and with metallic lustre j it ia infusible. 
lie metal, the protoxide and the binoxide, oxidize readily 
Iphen ignited in the air, and give osmic anhydiide (OsOJj 
flrhich volatilizes, and makes its presence speedily known by 
a peculiar, exceedingly irritating and offensive smell, resem- 
pling that of chlorine and iodine (highly characteristic). If a 
ittle osmium on a strip of platinum foil is held in the outer 
lantle of a flame, the flame becomes most strikingly luminous. 
Pven minute traces of osmium, may by this reaction be de- 
leted in alloys of iridium and osmium ; but the reaction is in 
ihat case only momentary; it may, however, be reproduced by 
lioldiDg the substance first in the reducing flame, then again 
the outer mantle, Nitric acid, more particularly red 
ming nitric acid, and aqua regia, dissolve osmium to osmic 
Application of heat promotes 'the solution, which is 
;tiowever attended in that case with volatilization of osmic 
Very intensely ignited osmium is insoluble in acids ; it 
is fused with nitrate of potassium, and the fused mass distilled 
with nitric acid ; the osmic acid ia found in the diatdtate. 

By heating osmium in dry chlorine free from air, first 
bluish-blaek bichloride ia formed, but always only in small 
quantity, then the more volatile and red tetrachloride ; if 
moist chlorine is used, a green mixture of both chlorides 
is formed. The bichloride dissolves with a blue color, the 
tetrachloride with a yellow color, and both together with 
a green color, which turns red. The aolutiona are soon 
decomposed, o-smic acid, hydrochloric acid, and a mixture of 
protoxide and binoxide, being fornied, the mixed oxides sepa- 
rating as a black powder. On beating a mixture of powder 
L of osmium, or of sulphide of osmium, and chloride of 
I potassium, in chlorine, a compound of tetracliloride of osmium 
I and chloride of potassium is produced in the form of octahedra, 
I "which are slightly soluble in water and iusoluble in alcohol. 
I The solution of this double salt is more permanent than that of 
I the tetrachloride. Potash decolorizes the solution; on boiling 
Lbluish-black, hydrated binoxide of osmium separates. On 
KEaging the double chloride with carbonate of sodium, dark 
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grey binoxide of osmium separates. The pure osmic anhy- 
dride has no effect on litmus, and cannot form salts. The 
pure anhydride is white, crystalline, fusible at a gentle heat, 
and boils at about 100° ; the fumes attack the nose and eyes 
powerfully. Heated with water, it fuses and dissolves, but 
slowly. The solution has an irritating, unpleasant smelL 
Alkalies color the solution yellow in consequence of the formation 
of osmite of potassium (K^OsOJ; on distilling, the greater part of 
the osmic acid passes over (very characteristic), the remainder 
splits into oxygen and osmious acid, or on boiling into osmic 
acid, binoxide of osmium, and potash. Osmic acid shows the 
following reactions : — 

Hydrosulphuric acid precipitates brownish-black sulphide, 
which only separates when a strong acid is present ; the pre- 
cipitate is insoluble in sulphide of ammonium. 

Indigo solution is decolorized. 

Iodide of potassium is decomposed, iodine being separated. 

Nitrite of potassium reduces osmate of potassium readily to 
osmite. 

Sulphite of sodium produces a deep violet coloration, and 
dark-blue sulphite of osmium (corresponding to the protoxide) 
gradually separates, especially on evaporating or warming with 
sulphate or carbonate of sodium. 

Ferrous sulphate produces a black precipitate of binoxide. 

Stannous chloride produces a brown precipitate soluble in 
hydrochloric acid. 

Zinc and many metals in the presence of a strong acid pre- 
cipitate metallic osmium. 

All the compounds of osmium yield the metal on ignition 
in a current of hydrogen. 

&ntbeniiiiii. 

Ruthenium is found in small quantities in platinum ores. 
It is greyish- white, brittle, and very difficultly fusible. It is 
barely acted on by aqua regia; fusing bisulphate of potassium 
fails altogether to affect it. By ignition in the air it is con- 
verted into dark bluish sesquioxide, insoluble in acids; by 
ignition with chloride of potassium in a current of chlorine, 
into terchloride of ruthenium and chloride of potassium; 
by fusion with nitrate of potassium, with potash or with 
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rtsUorate of potasaium, into ruthenate of potassium (K^RiiOJ. 

rThe fused mass obtained in the latter case is dark grey, and 

lives to an orange -colored fluid, which colors the skin 

;k, from the reduction and separation of black oxide. Acida 

down from the solution black sesqnioxide, which dis- 

in hydrochloric acid to an orange-yellow fluid. The 

ilution ia resolved by beat into hydrochloric acid and dark 

iwTi sesquioside, which remains suspended for a long time, 

id has great tinctorial power. In a concentrated state it 

with chloride of potassium and chloride of ammonium a 

'atalline, glossy- violet precipitate, which on boiling with 

'ater deposits black osybichloride. 

Hydrosulphuric acid gas causes at first no alteration, but 

after some time the fluid acquires an azure tint, and deposits 

brown sulphide of mtheuium (very characteristic). 

Sulphide of ammonium produces a dark brown precipitate, 
barely soluble in excess of the precipitant. 

Potash precipitates black hydrated sesquioxide, which is 
insoluble in alkaKes, but dissolves in acids. 

Sulphocyanide of potassium produces — in the absence of 
other metals of the platinum ores — after some time a red 
coloration, which gradiially changes to purple, and, upon heat- 
ing, to a fine violet tint (very characteristic). 

Zinc produces at first an azuxe coloration, which subse- 
quently disappears, ruthenium being deposited at the same 
time in the metallic state. 

Aitrite of potassium colors the solution yellow, with the 
formation of a double salt, which is readily solable in water 
and alcohol. The alkaline solution of this double salt, when 
mixed with a tittle colorless sulphide of ammonium, turns 
crimson (characteristic) ; on the addition of more sulphide of 
ammonium, sulphide of ruthenium is precipitated. 

Sold. 

Hydrosulphiric acid produces in cold solutions a black pre- 
cipitate of sulphide of gold (Au^Sg), in boiling solutions a 
Brownish precipitate of the subsulphide (Au^S). The precipi- 
tates are insoluble in hydrochloric and in nitric acid, but 
in aqua regia. They arc insoluble in colorless sul- 
phide of ammonium, but soluble in yellow sulphide of ammo- 
",um, and more readily still in yellow sulphide of sodium. 
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Sulphide of ammonium precipitates the sulphide of gold. 

Ammonia produces in concentrated solutions a reddidf 
yellow precipitate of anrate of amnioninm (fulminating gold). 
The more acid the solutionj and the greater the excess of 
ammonia, the more gold remains in solution. 

Ferrous sulphate precipitates metallic gold in the form of 
very finely divided brown powder. The fluid in which the 
powder is suspended appears dark hlue hy transmitted light, 
The dried precipitate shows metallic lustre when pressed with 
the blade of a knife. 

Nitrite of potassium precipitates metallic gold &om high!; 
dilute solutions. 

Stannous chloride, mL\ed with stannic chloride, produces 
very dilute solutions a precipitate which varies in color, ai 
is sometimes purple (purple of Cassius). Tlie precipitate 
insoluble in hydrochloric acid. 

Platlnmu. 

Ht/drosulphuric acid throws down, after the lapse of mh 
time, a daxk brown precipitate of sulphide of platinum (Pt9, 
If the solution is heated after the addition of the hydro- 
sulphuric acid, the precipitate forms immediately. It dissolia 
in a great excess of alkaline sulphides, especially if they coft 
tain excess of sulphur. Sulphide of platinum is insoluble ' 
hydrochloric and in nitric acid, but it dissolves in aqua regis 

Sulphide of ammonium produces the same precipitate. 

Chloride of ammonium produces, in solutions of chloride ol 
platinum, a yellow crystalline precipitate of (NH^)^PtCIg, which 
is not more soluble in acids than in water, lids precipitate 
is not formed in dilute solutions until the fluid is evaporated to 
dryness, and the residue is treated with a little water or dilute 
spirit. Upon ignition the precipitate leaves spongy platinum 
behind. 

Chloride of potassium produces in solution of the chloride a 
yellow crystalline precipitate of K^PtClj, which has the same 
properties as the analogous ammonium compound, with the 
exception that on ignition it leaves behind platinum and 
chloride of potassium. The decomposition on ignition is not 
complete, unless the ignition is efTected in a current of hydro- 
gen, or with the addition of oxalic acid. 
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Stannous chloride imparts to solutions of platinum con- 
bung much free hydrochloric acid an intensely dark brownish- 
id color, owing to the reduction of the chloride of platinum 
I protochloridc. No precipitate is formed. 
Ferrous sulphate does not precipitate chloride of platinum 
icept upon long- continued boilingj in which case the plati- 
inm ultimately suffers reduction. 

Iridium. 

Iridium is found in corabiitation with platinum and other 
etala iu platinum ores, but more especially as a native alloy 
' osmium and iridium. Iridium resembles platinum, hut is 
ittle ; it fuses with extreme difficulty. In the compact 
ate, or reduced at a red heat by hydrogen, it dissolves in no 
ad, not even in aqua rcgia (here it differs from gold and 
atinum) ; reduced in the wet way, or largely alloyed with 
atinum, it dissolves in aqua regia to tetrachloride. Acid 
dphate of potassium in a state of fusion will oxidize but not 
issolve it (here it differs from rhodium). It oxidizes by 
dsiou with hydrate of sodium with access of air, or by fusion 
with nitrate of sodium. The compound of sesquioxide of 
iridium with soda, which is formed in this process, dissolves 
partially in water ; by heating w'th aqua regia it gives a 
dark reddish solution of tetrachloride of iridium and chloride 
of sodium. If iridium in powder is mixed with chloride of 
sodium, heated to incipient redness and treated with chlorine 
gas, tetrachloride of iridium and chloride of sodium is formed, 
which dissolves in water to a deep reddish-brown fluid. Potash 
added in excess turns the color greenish, while some dark 
brown tetrachloride of iridiimi and chloride of potassium 
(KjIrClg) falls. If the solution is heated, and exposed some 
time to the air, it acquires at first a deep reddish tint, which 
changes afterwards to azure (here iridium diff'era from plati- 
num) ; if the solution is now evaporated to dryness, and the 
residue ia treated with water, a colorless fluii! is obtained, while 
a blue deposit of binoxide is left undissolved. The solution 
of the tetrachloride gives the following reactions ; — 

Hydrosulphurlc acid in the first place decolorizes the solu- 
tion, with the formation of bichloride, sulphur being sepa- 
rated J finally brown sulphide of iridium precipitates. 
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Sulphide of ammonium produces the same precipitate, wMeh 
redissolves readily in excess of the precipitant. 

Chloride of potassium precipitates tetrachloride of iridium 
and chloride of potassium (KglrClJ as a dark brown powder, 
insoluble in a concentrated solution of chloride of poti 

Chloride of ammonium precipitates from concentrated solu' 
tiona tetrachloride of iridium and chloride of ammonium in 
the form of a dark red powder, consisting of microacopie 
octahedrons, insoluble in concentrated solution of chloride of 
ammonium. Tliis double salt (and also the corresponding 
potassium compound), especially when in hot solution, ia 
turned olive-green by nitrite of potassium, owing to the 
formation of a double salt of the terchloridc of iridium, which 
on cooling crystallizes out ; thus 

KjIrClj + KNO^= K^Irag -I-NO3. 
On heating or evaporating the green solution with an excess 
of nitrite of potassium it turns yellow, and when boiled 
posits a white precipitate which is hardly soluble in water and 
hydrochloric acid. (This reaction may be taken advantage of 
to separate the metal from platinum.) If the tetrachloride of 
iridium and chloride of ammonium is dissolved in water liy 
boiling, and oxalic acid is added, a reduction of the tetra- 
chloride to terchloride takes place, and on this account the 
solution remains clear on cooling (here iridium differs from 
platinum). 

If stannous chloride is added and the solution is boiled, 
and then excess of potash is added and the mixture is boiled 
again, a leather- colored precipitate is formed. 

Ferrous sulphate decolorizes the solution, but does not pro- 
duce a precipitate. 

Zinc precipitates black metallic iridimn. 

Holfbdenam. 

Molybdenum occurs principally as sulphide of molybdenum, 
and as molybdate of lead. It is tin-white and somewhat 
malleable ; when heated iu the air it oxidizes ; it is soluble in 
nitric acid and very difficult to fuse. The protoxide and ses- 
quioxide are black, the binoxidc is brown ; when heated in the 
air or treated with nitric acid they are all converted into 
molybdic anhydride (MoO^, The latter ia a white poroUj 
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I, which in water separates into fine scales ; it fasea at a 
led heat ; in close vessels it volatilizes only at a very high 
temperature ; in the air it volatilizes easily at a red heat, sub- 
liming to transparent laminte and needles, The non-ignited 
anhydride dissolves in acids, and also in alkalies. From con- 
centrated solutions in alkalies it is thrown down by nitric 
acid or hydrochloric acid, but redissolvea upon further addi- 
tion of the precipitant. Molybdic acid gives the following re- 
actions : — 

Hydrasulphuric acid, when passed for a long time into the 
warm acidified solutiouj ultimately precipitates the whole of 
the metal as brownish -black tcraulphide. The precipitate is 
soluble in sulphides of the alkali metals, and is reprccipitated 
on addition of an acid and heating. When ignited in the 
air, or heated with nitric acid, it is converted into molybdic 
anhydride. 

Zinc or tin added to the acidified solution turns it first 
bine, then green, and ultimately black, with separation of 
protoxide of molybdenum. 

Ferrocyimide of potassium produces a reddish-brown pre- 
cipitate. 

Su/phocyanide of potassium, if added to the solution con- 
taining hydrochloric acid, produces no color until ziuc is added, 
when the fluid becomes crimson. Phosphoric acid does not 
destroy the color (here molybdenum differs from triad iron). 
On shaking the red fluid with ether, tlie latter becomes colored. 

For the deportment with phosphoric add and ammonia, see 
p. 83. 

Tellnrlum. 

Tellurium is found in the native state, or alloyed with other 
metals, or as tellurous anhydride (TeO^). It is a white, 
brittle, readily fusible metal, and may be sublimed in a glass 
tube. Heated in the air it burns with a greenish-blue flame, 
emitting dense white fumes of tellurous anhydride. Tellurium 
is insoluble in hydrochloric acid, but dissolves readily in nitric 
acid to teUurous acid (H^TeOg). Tellurium in powder dissolves 
in cold concentrated sulphuric acid to a purple -colored fluid, 
from which it separates again upon addition of water. TeUurous 
aohydride is white j at a gentle heat it fuses to a yellow fluid ; 
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it is volatilized by strong ignition in the air^ but does not fonn 
a crystalline sublimate. It dissolves readily in hydrochloric 
acid^ sparingly in nitric acid, freely in potash, slowly in am- 
monia, barely in water. Tellurous acid is white ; it is per- 
ceptibly soluble in cold water, and dissolves in hydrochloric 
and in nitric acid. By fusing tellurium or tellurites with 
nitrates and carbonates of the alkali metals, telluric anhy- 
dride (TeOg) is formed, and the fiisedmass is soluble in water; 
the solution remains clear upon acidifying with hydrochloric 
acid in the cold, but upon boiling chlorine is disengaged, 
tellurous acid is formed, and the solution is now precipitated 
by water if the excess of acid is not too great. If tellurium, 
its sulphide, or any of its oxides is fiised with cyanide of po- 
tassium in a current of hydrogen, a double cyanide of tellurium 
and potassium is formed ; the fused mass dissolves in water, 
but a current of air throws down from the solution the whole 
of the tellurium (means of separating tellurium from selenium.) 
By fusing tellurous or telluric anhydride with carbonate of 
potassium on charcoal, telluride of potassium is formed, which 
with acids evolves stinking telluretted hydrogen gas. The 
solutions of tellurous acid give the following reactions. 

Water throws down the acid. From the nitric acid solution 
nearly the whole of the tellurous acid separates after some 
time as a crystalline precipitate, even without addition of 
water. 

Hydrosulphuric acid produces in acid solutions a brown 
precipitate of TeSg, which resembles stannous sulphide in color. 
It is freely soluble in sulphide of ammonium. 

Potash and carbonate of sodium throw down from the hydro- 
chloric acid solution a white precipitate of tellurous acid 
soluble in excess of the precipitants. 

Sulphite of sodium, stannous chloride, and zinc throw down 
black metallic tellurium. 

Selenlmii. 

Selenium occurs in nature in the form of metallic selenides. 
It is found occasionally in the flue dust of roasting furnaces, 
and also in Nordhausen oil of vitriol. It resembles sulphur 
in some respects and tellurium in others. Fused seleuium is 
greyish-black ; it volatilizes at a high temperature, and may be 
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Elimed. Heated in the air, it burns to sclenious anhydride 
leOa), exhaling a characteristic smell of decaying horse- 
adish. Concentrated sulphuric acid dissolves selenium with- 
at oxidiziug it ; upon diluting the solution the selenium 
lis down in red flakes. Nitric acid and aqua regia dissolve 
elenium to selenious acid (H^ScO^). Sclenious anhydride is 
DDTerted at about 200° into a deep yellow gas, which reeon- 
enses in the form of white four-sided needles. Both the 
mhydride and acid are readily soluble in water to a strongly 
mid fluid. Of the neutral selenites, only those of the alkali 
netals are soluble in water. All selenites dissolve readily in 

trie acid, with the exception of the selenites of lead and 
ilver, which dissolve with difBculty, "When selenium or any 
f its compounds is heated with a carbonate and nitrate of an 
klkati metal, a selcniate is formed, and the fused mass dia- 
lolvea in water ; upon acidifying with hydrochloric aeid, the 
solution remains clear, and upou then boiling, chlorine is 
fivolved and the sclenie aeid is reduced to selenious acid. By 
Rising selenium or any of its compounds with cyanide of 
Ipotaasium in a cuiTeut of hydrogcUj a double cyanide of 
selenium and potassium is formed, from which the selenium is 
not eliminated by the action of the air (as is the case with 
iellurium) ; it separates, however, upon long- continued boiling 
after addition of hydrochloric acid, "When exposed to the 
reducing flame on charcoal, selenium compounds evolve the 
odor of decaying horse-radish (most characteristic). Solutions 
of selenites show the following reactions : — 

Hydrosul/ihuric acid produces in the presence of liydrochloric 
acid a yellow precipitate which upon heating turns reddish 
yellow, and is soluble in sulphide of ammonium. It is doubt- 
ful whether this precipitate is a sulphide of selenium. 

Stannous chloride and sulphurous acid produce in acidified 
solutions a red precipitate of selenimn, which turns grey at 
high temperatures. 

Chloride of barium produces in neutral solutions a white 
precipitate of selcnite of barium, soluble in hydrochloric acid. 



This metal ia found in a few minerals, as pitchblende, 
oranochre, &c. It forms two oxides, the uranous (UO)j and 
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the nranic (U^Og). Tlie uranous oxide is brown, and dissolrei 
iu nitric acid to uranic nitrate. The uranic hydrate is yellow," 
at about 300° it loses its water and turns red ; it is converted 
by ignition into the dark-green urano-uranic oxide. Boras dia- 
solves uranium compounds to yellowish-green or green beads, 
Solutious of uranium show the following reactions :- 

Hydrogulphuric acid fails to produce a precipitate. 

Sulphide of ammonium produces iu neutral solutions a slowly- 
subsiding precipitate, which is readily soluble in acids, even 
acetic acid. The precipitation is promoted by chloride 
ammonium. The precipitate, when formed in the cold, 
chocolate-brown, and contains oxysulphide of uranium, sul- 
phide of ammonium, and water. It is insoluble in yelloir 
sulphide of ammonium ; bat, when free from other sulphides, 
it dissolves to a notable extent in colorless sulphide of am- 
monium, forming a black fluid. On being washed, the pre- 
cipitate is gradually converted into yellow uranic hydrate. On 
warming or boiling the mixture of uranium solution and 
phide of ammonium the oxysulphide at first thrown down 
splits into sulphur and black uranoiis oxide, which last is 
soluble in the excess of sulphide of ammonium. The oxy- 
sulphide of uranium [but not the precipitate which 
converted into uranous oxide and sulphur) dissolves readily in 
carbonate of ammonium. (This reaction may be used as *' 
means of separating uranium from zinc, manganese, iron, &c) 
If the oxysulphide remains long in contact with the flnii 
from which it was precipitated, it gradually turns blood red. 

Ammonia and potash produce a yellow pi'ccipitate of m'aiiic 
oxide combined with alkali, which is insoluble in excess of the 
precipitant. 

Carbonate of ammonium produces a yellow precipitate irf 
double uranic carbonate with ammonium carbonate, which 
readily dissolves in excess of the precipitant. Potash throwi 
down the whole of the uranium from a solution formed in thii 
way. 

Carbonate of barium precipitates uranium completely in thi 
cold. (Means of separating the metal from nickel, cobalt, 
manganese, and zinc.) 

Ferrocyanide of potassium produces a reddish-brown preci- 
pitate. (Very sensitive reaction.) 
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Thia metal has been found in the blende of Freiberg, and 
the zinc prepared from the same. The oxide is atraw-colored, 
doea not color the boras bead ; when ignited in hydrogen 
or with charcoal, it is readily redneed, and if a flux be used 
metallic globnles will be obtained. The ignited oxide dissolves 
slowly in acids in the cold, but readily in the heat. The salts 
are colorless, the sulphate, nitrate and chloride dissolve readily 
in water. The chloride is volatile and hygroscopic. Indinm 
tinges flame bluish violet. The spectiiim has two characteristic 
blue lines. With the chloride the lines appear brightest, but 
they are very transient. For obtaining more persistent lines 
the sulphide is the most suitable compound. 

Hydrosulphuric acid produces no precipitate in the presence 
of a strong acid. From a solution acidified with acetic acid 
this reagent throws down sulphide of indium in the form of a 
alimy precipitate of a fine yellow color. Sulphide of indium 
is insoluble in cold, but soluble in hot, sulphide of ammonium ; 
on cooling it separates from the solution with a white color. 

Sulphide of ammonium added to a solution mixed with 
tartaric acid and ammonia produces a white precipitate which 
probably consists of sulphide of iudium and hydrogen." It 
turns yellow on treatment with acetic acid. 

Alkalies throw down the hydrate in the form of a white 
bulky precipitate, like hydrate of aluminium, which is com- 
pletely insoluble in potash and ammonia. Tartaric acid pre- 
vents the precipitation. 

Alkaline carbonates precipitate a white gelatinous carbonate. 
When recently thrown down the precipitate dissolves in car- 
bonate of ammonium, but not in carbonate of potassium or 
carbonate of sodium, K the solution in carbonate of ammo- 
nium is boiled, the carbonate of indium separates again. 

Phosphate of sodium throws down a white bulky precipitate. 

Alkaline oxalates produce a crystalline precipitate. 

Acetate of sodium added to the nearly neutral solution of the 
Bulpbat« throws down on boiling a basic sulphate. 

Carbonate of barium precipitates the whole of the indium, 
on digestion in the cold. (Means of separating indium from 
zinc, manganese, cobalt, nickel, and dyad iron.) 

Ferracyanide of potassium produces a white precipitate. 
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Ferricyanide, snlphocyanide, and chromate of polassium pro- 
duce no precipitate. 

Zinc precipitates the metal iii the form of white shinii 
laminae. 

BeryUinm. 

Beryllium is found in tlic form of a silicate in phenaeite, 
and with other silicates in beryl, euclase, &c. The oxide is 
white tasteless powder insoluble in water. After ignition it 
dissolves slowly but completely in acids ; it is readily soluble 
after fusion with acid sulphate of potassium. Tlie hydrate 
disaolvea readily in acida. T-hc compounds of berj'llium very 
much resemble the aluminium compouuds. The soluble salts 
have a sweet aatriugeut taste. The native silicates are com- 
pletely decomposed by fusion with carbonate of potassium and' 
sodium. Oxide of beryllium when fused with two parts of 
acid fluoride of potassiifm, dissolves in water acidified with 
hydrofluoric acid. (This reaction serves as a means of 
separating beryllium from aluminium, for when alumina ii 
similarly treated it remains insoluble as fluoride of alumiuiuat 
and potassium.) The solutions of beryllium salts show t' 
following reactions r — 

Ammonia and sulphide of ammonium, throw down whitj 
floeeulcnt hydrate, which is insoluble in ammonia. Upoi 
continued ebullition with chloride of ammonium, the freslilj 
precipitated hydrate dissolves as chloride of beryllium with 
expulsion of ammonia. (Here the metal differa from alumi- 
nium.) 

Potash throws down the hydrate, which dissolves in exceW 
of the precipitant. From this solution it is repreeipitated bj 
chloride of ammonium. The concentrated solution in potaal 
remains clear on boiling ; from a dilute solution in potash th6 
whole of the beryllium separates upon continued ebullition^ 
(Here the metal differs from aluminium.) 

Carbonate of sodium and carbonate of ammonium precipitate' 
white carbonate of beryllium, which redissolves in a 
excess of the former and in a much less considerable excess of 
the latter. (Most characteristic difTerenee between this metal 
and alumininm.) Upon boiling these solutions, basic car-/ 
bonate of beryllium aeparatesj readily and completely from the 
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solution in carbonate of ammoniumj but oaly upon dilution 
and imperfectly from the solution in carbonate of sodium. 

Carbonate of barium precipitates beryllium incompletely in 
the cold, completely upon boiling. 

Oxalic acid and oxalate of ammonium do not precipitate 
beryllium. (Here it differs from thorium, zirconium, yttrium, 
erbium, terbium, cerium, lauthanium, and didymium.) 



This metal is found in thorite and monacite. The oxide is 
irhite. The ignited oside is soluble upon heatiug with a 
mixture of equal parts of strong sulphuric acid and water; it 
is not soluble in other acids, even after it has been fused with 
alkalies. The moist hydrate dissolves readily in acids, the 
dried hydrate only with difBculty. When chloride or nitrate 
of thorium arc evaporated with hydrochloric or uitric acid 
respectively, the salts arc left in a vamish-likc form, and dis- 
boItc at once in water completely. Hydrochloric and nitric 
acide precipitate from such solutions chloride or nitrate of 
thorium ; even sulphuric acid may produce a precipitate in the 
solutions. Chloride of thorium is not volatile. Thorite (sili- 
cate of thorium) is decomposed by strong hydrochloric acid. 
The solutions of thorium salts give the following reactions : — 

Potash, ammonia and sulphide of ammonium precipitate the 
hydrate, which ia insoluble in excess of either reagent, even of 
potash. (Here the metal differs from beryllium.) 

Carbonate of sodium and carbonate of ammonium precipitate 
basic carbonate of thorium, which readily dissolves in excess 
of the precipitant in concentrated solutions, but dissolves with 
difficulty in dilute solutions, {Here the metal differs from 
aluminium.) From the solution in carbonate of ammonium, 
"basic salt separates again, even at 50°. 

Carbonate of barium precipitates thorium completely. 

Hydrofluoric acid precipitates the fluoride which at first 
appears gelatinous, but after a little while pulverulent. The 
precipitate is insoluble in water and hydrofluoric acid. (Here 
the metal differs from aluminium, beryllium, zirconium, and 
titanium.) 

Oxalic acid produces a white precipitate (here the metal 
differs from beryllium and aluminium). The precipitate does 
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not diBBolve in oxalic acid nor in dilute mineral acida, but i 
does dissolve in a solution of acetate of ammonium conta 
free acetic acid. (Here the metal differs from yttrium i 
cerium.) 

Sulphate of potassium in concentrated solution preeipitata 
thorium slowly but completely (here the metal differs fron( 
aluminium and beryllium.) The precipitate consists of a 
phate of potassium and thorium ; it is insoluble iu concen- 
trated solution of sulphate of potassium ; it dissolves with 
difficulty in cold and also in hot water, but readily on addb 
tion of some hydrochloric acid. On heating the neutrrf 
solution in cold water, sulphate of thorium separates in th« 
form of a heavy white curdy preeipitatc. (Here the meta 
differs from alumiuiiira and beryllium.) This precipitate re- 
dissoivcs in cold water (in which it differs from titanic acid). 

Hyposidphiie of sodium precipitates from neutral or slightly 
aeid solutions on boiling hyposulphite of thorium mixed witi 
sulphur ; the precipitation, however, is not quite complet» 
(Here the metal differs from yttrium, erbium, terbium, a 
didymium.) 

ZlTConlnin. 

Tliis metal is found in zircon and other rare minerals. 
The oxide is a white powder, insoluble in hydrochloric acid ; 
after continued heating with a mixture of two parts of strong 
sulphuric acid and one of water it dissolves in water. TliB 
hydrate resembles hydrate of aluminium ; it dissolves readily 
in hydrochloric acid when precipitated cold, and still mois^ 
but with difficulty when precipitated hot, or after drying 
The native silicates are decomposed by fusion with four parts 
of carbonate of sodium ; the fused mass gives to water silicate 
of sodium, a sandy zirconate of sodium being left behind, 
which, after washing, dissolves in hydrochloric acid. Zirco&. 
may easily be decomposed by fusion with acid fluoride i 
potassium at a red heat, fluosilicate of potassium and double 
iluoride of zirconium and potassium being produced, Th© 
solutions of zirconium salts give the following reactions : — 

Potash, ammonia and sulphide of ammonium precipitate I 
flocculcnt hydrate, which is insoluble in excess of eitha 
precipitant, even of potash (here zirconium differs from 
aluminiuni and beryllium) and ii not dissolved by boilin 
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ilution of chloride of ammonium (here the metal differs from 
Wyllium), 

Carbonate of sodium and carbonate of ammonmm throw down 

[earbonate of zirconium as a flocculent precipitate, which re- 

iasolves in a Ifir^e excess of carbonate of sodium, and more 

ily in excess of carbonate of ammonium (here the metal 

differs from aluminium). On boiling the carbonate of 

ammonium solution, the zirconium is reprecipitated. 

Oxalic add produces a bulky precipitate of oxalate of 
zirconium (here the metal differs from aluminium and 
beryllium). The precipitate is insoluble in oxalic acid, but 
soluble in hydrochloric acid (here the metal diffei-a from 
thorium). 

Sulphate of potassium in concentrated solution speedily 
produces a white precipitate of sulphate of zirconium and 
potassium, which is insoluble in excess of the precipitant 
(here the metal differs from aluminium and beryllium). The 
precipitate, if thrown down in the cold, dissolves readily in a 
large quantity of hydrochloric acid j if thrown dowu in the 
heat, it is almost absolutely insoluble in water and in hydro- 
chloric acid (here the metal differs from thorium and cerium.) 

Carbonate of barium does not precipitate zirconium com- 
pletely, even upon boiling. 

Hydrofluoric acid produces no precipitate (here the metal 
differs from thorium and yttrium). 

Hypomilphite of sodium produces a precipitate (here the 
metal differs from yttrium, terbium, erbium and didymium). 

Turmeric paper A\^^cA into a solution slightly acidified with 
hydrochloric or sulphuric acid, acquires a reddish-brown color 
after drying (here the metal differs from thorium). 



This metal is found iu gadolinitc, orthite, yttro-tantalite. 
The ignited oxide dissolves readily in hydrochloric acid (here 
the metal differs from zirconium and thorium), Tlie ignited 
oxide is yellowish- white when pure ; when it contains erbium and 
^erbium oxides it is bi-ownish-yellowj when it contains didymium 
it is light chocolate color. The hydrate ia pasty and white, 
vithout the slightest tinge of red, it attracts carbonic acid, and 
diasolrea, when fi^sh, in boiling chloride of ammonium (here the 
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metal differs from aluminium and zirconium). The crystalliMd 
salts containing water are bright red, the anhydrous salts s 
white and have a sweet astringent taste. Anhydrous chloride 
of yttrium is not volatile (liere the metal differs from aluminium, 
beryllium and zirconium). Yttrium compounds give a deal 
colorless bead with borax in both the outer and inner flame 
(here the metal differs from ecrium and didymium.) The 
solutions of the salts exhibit the following reactions. 

Ammonia and sulphide of ammonium precipitate the hydrata 
Presence of a small quantity of chloride of ammonium dod 
not interfere with the precipitation by sulphide of ammoniui 
but a large excess of chloride of ammonium prevents ll 
precipitation. 

Potash produces the same precipitate, which is insoluble in 
excess of the precipitant (here the metal differs from aluminiiu 
j and beryllium). 

I Carbonate of potassium produces a precipitate which dissolrat 

I with difficulty in excess of the reagent. 

1 Carbonate of ammonium produces a precipitate which ii 

I soluble in excess of the precipitant, but by no means so readil 

I as the eoiTcsponding beryllium precipitate. The solution at 

|i the hydrate in carbonate of ammonium deposits the whole of 

I the yttrium on boiling ; if chloride of ammonium is present »t' 

j the same time, this is decomposed upon continued heating, widi' 

] separation of ammonia, and the precipitated oxide of yttrimn 

j rediasolves as chloride. Saturated solutions of carbonate of 

I yttrium in carbonate of ammonium have a tendency to deposit 

I carbonate of yttrium and ammonium, which should be borne in. 

mind. 

Oxalic acid produces a white precipitate (here the metal, 
differs from aluminium and beryllium). The precipitate do» 
not dissolve iu oxalic acid, it dissolves with difficulty ill 
hydrochlorie acid, and it is partially dissolved by boiling wiflt 
oxalate of ammonium. 
I Sulphate of potassium precipitates sulphate of yttrium a 

] potassium. The precipitate, even if thrown down hot, dissolve! 

though slowly, iu a large quantity of water (here the metal 
differs from zirconium) ; on heating this solution the sulphate oB 
yttrium separates. The sulphate of yttrium and potassium 
dissolves a little more readily in sulphate of potassium thaniU 
water {here the metal • diSeta tcota t^iatviici, cerium, 
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lidymium) ; it dissolyca still more readily iu solutions of 



Carbonate of barium produces no precipitate even upon boil- 
ing (here the metal differs from beryllium, thoriumj cerium, 
and didymium). 

Hydrofluoric acid produces a precipitate (here the metal 
differs from aluminium, beryllium, zirconium, titanium). The 
precipitate is gelatinous, insoluble iu water and hydrofluoric 
acid; before ignition it will dissolve in mineral acids, after 
ignition it is decomposed only by strong sulphuric acid. 

Hyposulphite of sodiujii Aoes not precipitate yttrium, {Here 
the metal differs from aluminium, thorium, zirconium, 
titanium.) 

Tartaric acid does not prevent the precipitation by alkalies. 
(Here the metal differs from aluminium, beryllium, thorium, 
zirconium. ) It precipitates tartrate of yttrium. The precipi- 
tation frequently does not take place at once, but when it 
does take place it is complete. 

A cold saturated solution of the sulphate becomes turbid 
wlien heated to between 30" and -M)" ; on boiling almost the 
wbole of the salt separates. 

Tkrmeric paper is not altered by the acidified solution of 
the salts. (Here the metal differs from zirconium.) 

Terbium and. Erbium.*' 

These metals usually accompany yttrium. On gradually 
adding ammonia to a solution containing the three metals, the 
erbium is first precipitated, then the terbium, and then the 
yttrium. Delafontaine separates the erbium by fractional 
precipitation with binosalate of potassium frequently repeated, 
and subsequent ignition, thus obtaining a mixture of oxide of 
erbium, with small quantities of oxide of terbium, and still 
smaller quantities of oxide of yttrium. This mixture he dis- 
solves in nitric acid, saturates hot with sulphate of potassium, 
and obtains a precipitate of sulphate of erbium and potassiimi, 
■which, although soluble in hot water, is not soluble in a 

* Popp coneideca theac metals to be mixtures of jttrium with ccrinm 
and didytoiuni. Dalafontaice, however, defends Moaander's view, that 
they are distinct metab, (Ann, d. Chem. u. Phann., liil, 182 ; 134, 
113 1 135,188.) 
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saturated solution of sulphate of potassium. After tUs pre- 1 
cipitate has been removed the terbium and yttrium may be 
separated by taking advantage of the fact that oxalate of 
terbium and potassium is more difficultly soluble in dilutfl 
sulphuric aeid than the oxalate of yttrium aod potassium. 



The oxide of erbium, obtained by igniting the hydrate or 
uitrate, is dark-yellow, often tending to orange -yellow, and 
heavy; that obtained by igniting the oxalate is pale-yellow, 
and finely pulverulent. By long ignition in closed vessels it 
becomes white, losing a small quantity of osygen. lu 
strong acids it is alowly soluble with evolution of a little 
oxygen. The hydrate precipitated hot by excess of alkali i» 
white, gelatinous, and attracts carbonic acid from the air ; it 
decomposes ammonium aalts in the heat, and readily dissolves 
in dilute acids; the salts arc red. The basic nitrate is dark- 
yellow [difference from didymium). Erbium, salts give, with 
boras and microcosmic salt, clear, colorless beads (difference 
from cerium and didymium). Hyposulphite of sodium does 
not precipitate erbium solutions. A cold saturated solutioa 
of binoxalate of potassium gives, with erbium solutions, after 
some time, a crystalline precipitate. With regard to the. 
spectroscopic reaetious, see Delafontaine ("Ann. d. Chem. 
Pharm.," 135, 191). 



Oxide of terbium is yellow, soluble in acids after strong 
ignition ; the hydrate is a white gelatinous precipitate, 
maining white on drying. Oxide of terbium expels ammonia 
from its salts even in the cold, more easily when heat 
applied. The salts of terbium are colored darker than thort 
of erbium. The solution of nitrate of terbium is pink, whe4 
concentrated darker, but without the slightest tiuge of ytolef 
(difference from didymium). Terbium behaves like erbind 
with borax, microcosmic salt, hyposulphite of sodium, anjj 
binoxalate of potassium. As regards the spectroscopic reae< 
tions see Delafontaine ("Ann. d.Chem. u. Fharm." 135, 195). 
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Oerlum 



Occurs in cerite, ortUite, fee. Tliere are three oxides — the 
protoxide {cerous oxide), the sesquioxide (eerie oxide), and the 
peroxide. The ceroua hydrate ia white, and turns yellow in 
the air from absorption of oxygen, hy ignition in the air it 
turns orange color or red and ia cod verted into eerie 
oxide. The cerous hydrate ia readily soluble in acids, the 
ignited eerie oxide, wheu it "contains lanthanium and didy- 
mium oxide, dissolves readily in hydrochloric acid with evo- 
lution of chlorine, when pure it scarcely at all dissolvea in 
boiling hydrochloric acid, hut it does dissolve on addition of 
alcohol (difference from thorium and zirconium) ; the solutions 
contain eerons chloride. The eerie oxide dissolves in concen- 
trated sulphuric acid, althougli with difficulty ; it is hardly 
attacked by nitric acid. The eerie oxide obtained from the 
oxalate when evaporated with nitric acid yields a basic salt, 
which gives an emulsion with water, and is not completely 
soluble in very considerable quantities of water (difference from 
alumina). The cerous saSts are colorless, occasionally with a 
tinge of amethyst ; the soluble salts redden litmus. Cerous 
chloride is non-volatile (ditferenee from aluminium, beryllium, 
and zirconium). The sulphate deposits a precipitate on solution 
in boiling water. Cerite is a hydrous silicate of cerous oxide, 
lanthanium oxide, and didyraium oxide, it does not dissolve in 
aqua regia, but is decomposed by fusion with carbonate of 
sodium, and ia also decomposed by concentrated sulphuric aeid. 

The cerous salts show the following reactions : — 

Ammonia precipitates basic salt insoluble in excess of the 
precipitant. Tartaric acid prevents the precipitation {here the 
metal differs from yttrium). 

Potash precipitates white hydrate, which becomes yellow in 
the air. It ia insoluble in excess of the precipitant (here the 
'metal differs from aluminium and beryllium). Tartaric acid 
does not interfere with the precipitation. 

Carbonate of potassium produces a white precipitate, slightly 
soluble in exeeaa of the precipitant. 

Carbonate of ammonium produces a white precipitate, rather 
soluble in excess of the precipitant. 

Oxalic add precipitates the cerium completely, even from 
moderately acid solutions (here the metal differs from aluminium 
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and beryllium). The precipitate does not dissolve in oxalie 
acid, but it is soluble in a large quantity of hydrochloric aeid. 

Carbonate of barium throws down the cerium completely on 
standing. 

Hyposulphite of sodium does not precipitate cerium, even on 
boiling with very concentrated solutions. The precipitated 
sulphur only carries down traces of the salt with it. 

A saturated solution of sulphate of patassiajn precipitates, 
even from somewhat acid soTutions, white cerous potassic 
sulphate (here the metal differs from aluminium and he- 
rj'llium), which is difficultly soluble in cold water, readily 
soluble in hot water, and insoluble in a saturated solution of 
sulphate of potassium (here the metal differs from yttrium) 
The precipitate may be dissolved by boiling with much water 
containing hydrochloric acid. 

If wc conduct chlorine through a cerous solution, not toai 
acid and mixed with acetate of sodium, or if we add chloride rf 
soda to such a solution, all the cerium is precipitated as ligU 
yellow peroxide (free from didymium and lantlianium). 

K a cerous salt be dissolved in nitric acid, with addition 
an equal volume of water, and if a small quantity of binoxidl 
of lead be added, and the liquid be boiled for some minutes, the: 
solution turns yellow, even if only small quantities of cerium, 
be present. On evaporating this solution to dryness, heating 
the residue tilt a portion of the acid escapes, and treating it 
with water acidified with nitric acid, no cerium wdl be dis* 
solved, but any didymium and lantbauium present will be 
dissolved. 

Solutions of eerie salts are precipitated in the cold by ear. 
bonate of barium. 

Hyposulphite of sodium precipitates a solution of eerie 
nitrate. 

Xianthanlnm. 

This metal is generally associated with cerium. The oxide I 
is white, and remains unaltered by ignition in the air (here it J 
differs from cerous oxide). The oxide when brought into con- ; 
tact with water is converted into a milk-white hydrate; with! 
cold water the conversion is slow, with hot water rapid. The J 



REACTIONS OF RARE METALS. 175 

ie and hydrate color litmus blue ; they dissolve in boiling 
ntiou of chloride of ammoniuni, and also in dilute acids 
tre lanthanium resembles maguesium). The salts are color- 
B ; the saturated solution of the sulphate in cold water 
posits a portion of the salt even at 30° (here the metal 
lers from cerium). The solutions of lanthanium show the 

Uowing reactions : — 
Ammonia precipitates basic salts, which pass milky through 

le filter on washing. 
Potash precipitates the hydrate, which is insoluble in excess 

' the precipitant, and does not turn brown in the air. 
Carbonate of ammonium produces a precipitate which is 
(olublc in excess of the precipitant (here the metal differs 
from cerium). 

Sulphate of potassium, oxalic acid, and carbonate of barium 
give the same reactions as with cerous salts. 

If a cold dilute solution of acetate of lanthanium is super- 
iturated with ammonia, the slimy precipitate repeatedly 

uhed with eold water, and a little powdered iodine added, a 

ue coloration makes its appearance, which gradually per- 

ades the whole mixture. 

Sidymiam. 

This metal is also associated with cerium. The oxide when 
brought into contact with water is slowly converted into hydrate, 
it rapidly attracts carbonic acid, its reaction is not alkaline, 
it dissolves readily in acids. The concentrated solutions have 
a reddish or faint violet color. The nitrate, on heating, is 
first converted into a basic salt (here the metal differs from 
lanthanium), which is grey. The chloride is non-volatile. 
The satm'ated solution of the sulphate deposits salt, not at 30°, 
but upon boiling. Didymium oxide gives with borax in both 
flames a nearly colorless bead. Microcosmie salt dissolves the 
oxide in the reducing flame to an amethyst-red bead, inclining 

violet. With carbonate of sodium in the outer flame we 
a greyish-white bead (here the metal differs from man- 

leae). For the spectroscopic reactions see Erdmann " Journ. 
;. Chcm.," 85, 395; and Delafontaine "Ann. d. Chem. 

Pharm.," 135, 195. The solutions of didymium show the 

.owing reactions, 
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Ammonia precipitates a basic salt, which is insoluble 
ammouia, but slightly snluble in chloride of ammouium. 

Ptitagk precipitates the liydrate, which is insoluble in exo 
uf the precipitant, and does not alter in the air. 

Carbonate of sodium and carbonate of ammonium produce i 
copious precipitate, which is insoluble in eicess of the pn^ 
cipitaut, even in excess of carbonate of ammouium {here tlit 
metal differs from cerium], but dissolves slightly in concen- 
trated solution of chloride of ammonium. 

Carbonate of barium precipitates didymium slowly (more 
slowly than cerium and lanthauium), and never completely. 

Oxalic acid precipitates didymium almost completely; the 
precipitate is difficultly soluble in cold hydrochloric acid, but 
it dissolves iu this acid upon application of heat. 

Sulphate of potassium in concentrated solution prccipitat 
didymium solutious more slowly and less completely 
cerous solutions. The precipitate is insoluble iu sulphate 
potassium, and also iu water ; but it is soluble, though with 
difficulty, in hot hydrochloric acid. 

Hyposulphite of sodium produces no precipitate, 



For the separation of cerium from lanthauium and didymium, i 
one of the following methods may be used : — a. Neiirly 
neutrahze the solution of the three metals -if acid, without 
allowing any pcrraaucnt precipitate to form, add a sufficient 
quantity of acetate of sodium and an excess of chloride of soda, 
and boil ; the cerium will fall as peroxide, while lanthauium 
and didymium remain iu solution. (Popp, " Ann, d. Chem. u. 
Pharm.," 131, 360.) b. Precipitate the metals with potash, 
wash, suspend the precipitate in potash, and pass chlorine. 
Lanthanium and didymium dissolve ; the peroxide of cerium 
remains behind, (Damour and St. Claire Deville, " Compt. 
Rend.," 59, 272.) c. Dissolve iu a large excess of nitric acid; 
boil with peroxide of lead ; evaporate the orange- colored soln- 
tiou to dryness, and heat the residue till a portion of the acid 
escapes; treat with water acidulated with nitric acid, anil 
separate the insoluble basic ccric nitrate from the soluticm 
which contains all the lanthanium and didymium. (Gibba, 
" Zcitschr. f. anal. Chem./' 3, 396.) In using the last method,,; 
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tefore proceeding with the residue or solution, the lead must 
be first separated by sulphuretted hydrogen. 

From the Holution of lanthaniutn and didyraium obtained by 

one or other of the above methods, the metals are precipitated 

with oxalate of ammonium, the oxalates arc iguitcd, and the 

oxides thus obtained are treated with dilute nitric acid. If 

the separation of cerium was incomplete, the remainder of the 

cerium will here remain behind. The solution is evaporated 

I in a dish with a flat bottom to dryness and heated to 

■ 400 — 500°. The salts fuse ; nitrous fumes escape. The residue 

r is trt;ated with hot water, which dissolves the nitrate of lan- 

thanium, leaving behind grey basic nitrate of didymium. 

By a repetition of the evaporation, &c., the two metals 

may be satisfactorily separated. (Damour and St. Claire 

Deville.) 

Tltanlam. 

There are two oxides of titanium — oxide of titanium and 
titanic anhydride. The latter is more frequently met with iu 
analysis. Titanic anhydride is found iu the free state in rutile 
and anatase, and in combination in titanite, titanifcrous iron, 
frc. ; it is also found in small quantities in many iron ores, in 
days, in silicates generally, and in blast-furuace slags. The 
■mall copper-colored cubes which are occasionally found in 
•uch slags consist of cyanide and nitride of titanium. Titanic 
anhydride when feebly ignited is white ; very intense ignition 
gives a yellowish or brownish tint to it ; it is infusible and in- 
■oluble in water ; its density varies between 3'9 and 4.-25. 
Ignited titanic anhydride is insoluble in acids, except the 
tydro6noric and the strong sulphuric acid. If the solution in 
iydrofluoric acid is evaporated with addition of sulphuric acid, 
no fluoride of titanium will volatilize. (Here titanic anhydride 
diflers from silicic anhydride.) When titanic anhydride is 
fused for a long time with acid sulphate of potassium, a clear 
is obtained, which dissolves in a large proportion of cold 
irater to a clear fluid. (Hydrous) titanic acid dissolves when 
kaoist and when dried without heat, in dilute acids, especially 

hydrochloric and sulphuric acids. If titanic anhydride is 
fused with potash, and the fused mass is treated with water, 
the solution will contain a little titanic acid. When titanic 
anhydride is fused with the carbonates of potassium and 
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sodium, carbonic acid is expelledj and upon treating the f 
mass with water, alkali and alkaline carbonate are dissolved 
while acid titanate of alkali metal is left behind and may bi 
dissolved in hydrochloric acid. Titanic anhydride mixed witl 
charcoal and heated in a current of chlorine gives tetrachloride 
of titanium as a volatile liquid emitting copious fumes in tb 
air. Microcosmic salt readily dissolves titanic anhydride ii 
the outer flame to a clear bead, colorless when cold ; on ei' 
posure to the reducing flame, with addition of a little ferronti 
sulphate, the bead acquires a blood-red color. Solutions o£ 
titanic acid in hydrochloric or sulphuric acid show thfr 
following reactions :—~ 

"When the solution (especially the solution in sulphmitf 
acid) b subjected iu a highly dilute state to long-continued 
boiling, the titanic acid is separated as a white powder, in'<: 
soluble in dilute acids. Presence of much free acid retards 
the separation and diminishes the quantity of the precipitate. 
The precipitate which separates from a hydrochloric acid 
solution may be filtered off, but it will pass milky through th© 
filter upon washing, unless an acid or chloride of ammonioss 
is added to the washing water. 

Ammonia and sulphide of ammonium throw down titaniqi 
acid as a white bulky precipitate, insoluble in excess of eithrtl 
of the precipitants. When thrown down cold and washe4 
with cold water, it is soluble in hydrochloric acid and dilutn 
sulphuric acid. Presence of tartaric acid prevents its fo^ 
mation. 

Potash produces the same precipitate, insoluble in excess o 
the precipitant. 

Carbonate of barium also throws down titanic acid. 

Ferrocyanide of potassium produces a dark brown prectj 
pitate. 

Hyposulphite of sodium boiled with solution of titanic add 
precipitates all the titanium, 

Zinc or tin produces after some time a pale violet or blutt 
coloration ; subsequently a blue precipitate, which gradualljf 
becomes white. The coloration is caused by the reduction c 
the titanic acid to oside of titanium. If to the blue but stUI' 
clear solution potash or ammonia is added, blue hydrate i 
titanium separates, which is gradually converted into whit« 
titanic acid with decomposition of water. 
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The aolution of the tetrachloride of titanium in cold water 
changed by heat. The aolutjon prepared with cold water is 
it precipitated by sulphuric acid, nor by hydrochloric, nor 
by nitric, it is precipitated by phosphoric acid, arsenic acid, or 
iodic acid ; but if the solution be boiled only for a tew seconds 
it becomes slightly opalescent, and so far modified that hydro- 
chloric and nitric acids produce white precipitates in it which 
are insoluble in excess of the acids, sulphuric acid also preci- 
pitates it, but an excess redissolvea the precipitate. The 
solution prepared in the cold contains titanic acid, the boiled 
Bolution contains metatitanic acid. The difference-also attaches 
the acids. {R. Weber, " Pogg. Ami," 120, 287.) 

Tantalum! 

Tantalum forms two oxides, oxide of tantalum and tan- 
nic anhydride. The latter is found in tantalite, yttro- 
tantalite, columbitc, and some other rare minerals. ■ Tantalic 
anhydride is white ; after ignition its density is about 7 or 8 ; 
it combines with acida and bases. The ignited tantalic anhy- 
dride is insoluble in hydrochloric acid and in strong sulphuric 
acid; when it is fused with acid sulphate of potassium aud 
the mass is extracted with water, the tantalic anhydride is left 
hehind in combination with sulphuric acid. In this last re- 
action, tantalic anhydride differs from titanic anhydride, but 
they cannot be well separated from each other by this means. 
"When the compound of sulphuric acid and tantalic anhydride 
is ignited in an atmosphere of carbonate of ammonium, pure 
tantalic anhydride is left behind. Tantalic anhydride when 
fiised with potash for a long time gives a mass soluble in water ; 
the solution contains tantalate of potassium. By fusing tan- 
talic anhydride with soda, a turbid mass is obtained ; if this 
mass is treated with water, the excess of soda will be dissolved, 
and the whole of the tantalate of sodium will he left behind, as 
it is insoluble in solution of soda ; however, after the removal 
of the excess of soda, the tantalate of sodium will dissolve iu 
water. By igniting tantalic anhydride with charcoal in a 
current of pure dry chlorine, yellow chloride of tantalum is 
formed, which sublimes in crystals ; if the tantalic anhydride 
contains titanic anhydride, tetraeliloride of titanium is fonned 
tbe same timcj which emits copious fumes iu the air. 



I 
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Microcosmic salt dissolves tantaliG anhydride to a colorla 
bead, which does not acquire a. red tint on addition of f< 
sulphate (here tantalic differs from titanic anhydride), 
solutions of tantalic acid show the following reactions : — 

Hydrochloric acid added to solution of alkaline tant^ta 
gives a precipitate, which redissolves in excess of the reageid 
to an opalescent fluid. 

Ammonia and sulphide of ammonium throw down &om t 
solution of alkaline tautalate, acidified with hydrochloric acid, 
tantalic acid or acid tantalate of anunonium. Presence 
tartaric acid 'prevents the precipitation. 

Soda throws down from solution of tantalate of sodium, the 
latter salt ; if the reagent ia added slowly, the precipitate will' 
be crystallized. 

Sulphuric acid throws down from solutions of altaliae 
tantalates, sulphate of tantalic anhydride. 

Carbonic acid throws down from solutions of alkalint 
tantalates, acid salts, which are not dissolved by boiling wiUi 
carbonate of sodium. 

Ferroqfanide of potassium added to an acidified solutiw 
throws down a yellow precipitate. 

Zinc added to solution of alkaline tantalate, stronglj 
acidified with liydrochloric acid, produces no coloration, e 
after the addition of sulphuric acid. But if solid chloride of: 
tantalum is dissolved in strong sulphuric acid, and water anAi 
zinc are added to the solution, the fluid will turn a blue color^ 
which will not change to brown on standing. 

Vanadium. 

Vanadium occurs in the form of vanadiates, occasionally ii 
small quantities in iron and copper ores, and in the slags obtained 
from the same. There are several oxides. The highest oxidt 
is the anhydride of vanadic acid ; it is yellowish red, and fuso 
at an incipient red heat, solidilying on cooling to a crystalline 
mass ; it ia non-volatile. It is very difficultly soluble in wateij 
but reddens moist litmus paper strongly. It combines will^ 
bases and acids. Strong acids dissolve it to yellow or rect 
fluids. The solutions are often decolorized by boiling. Mosf 
of tlie neutral vanadiates are yellow, those of the alkaline- 
metals, and some others, are converted into a colorless modi 
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£0311011 by heating with water. Most of the salts are soluble 
in water, all are soluble in nitric acid. The solutions of 
Tanadic acid show the following reactions. 

Hydroaulpkuric acid produces no precipitate in acid solutions, 
but a blue color accompanied by separation of sulphur. 

Sulphide of ammonium added to a solution acidified with 
Bulpburic acid precipitates brown vanadie sulphide, which dis- 
solves in excess of the precipitant to a reddish brown fluid. 

Chloride of ammonium added to a solution of an alkaline 
Tanadiate precipitates the whole of the vanadium as white 
vanadiate of ammonium, insoluble in chloride of ammonium. 
(Most characteristic reaction.) The precipitate, on ignition, 
gives vanadie anhydride, or a mixture of the same with a 
lower oxide. 

Perosn.de of hydrogen, added to an acidified solution of an 
alkaline vanadiate gives, on shaking, a red color. On adding 
ether, and again shaking the mixture, the solution retains its 
color, and the ether remains colorless. (Moat delicate re- 
action.) 

Ferrocyanide of potassium produces^ in acid solution, a green 
flocculent precipitate, insoluble in acids. In solutions of 
vanadiates it produces a yellow precipitate. 

Sulphurous acid, stannous chloride, many metals, organic 
I substances, &c., reduce vanadie acid in acid solution, and color 
the fluid green or blue. 

Nitrate of silver and chloride of barium produce white or 
yellow precipitates in solutions of vanadiates. The precipitates 
H are readily soluble in acids. 

Ziltblnm, 

Lithium is found widely disseminated in nature, hut in 
minute quantities only. It is often met with in the analysis 
of mineral waters and ashes of plants, less frequently in the 
analysis of minerals. The oxide dissolves with difficulty in 
water; it does not attract moisture from the air. Most of 
the salts are soluble in water ; the chloride is deliquescent. 
The carbonate is difficultly soluble, particularly in cold water. 
The salts tinge ilame caiTaine. Chloride of platiuum and 
tartaric acid fail to precipitate even strong solutions of the 
salts. Phosphate of sodium produces in solutions of lithium 
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snlts, upon boiliDg, a white crystalline precipitate of 
SLijPO^+HjO, which quickly subsides. This reaction, which 
19 characteristic of lithium, is rendered much more delicate "bj 
adding with the phosphate of sodium a little soda, just suffi- 
cient to leave the reaction alkaline, evaporating to drjnew, 
treating the residue with water, and adding an equal volume 
of ammouia. In this manner very minute quantities of 
lithium will be separated in the above form. If the pre- 
cipitate is dissolved in hydrochloric acid, and the solution is 
supersaturated with ammonia, it remains clear in the cold, but 
upon boiling a heavy crystalline precipitate of the above com- 
position falls. 

CBBBlam and Subldlnm. 

The compounds of these metals are pretty widely dis- 
seminated, but they are found invariably in veiy minute 
quantities only. They have been detected in the mother 
liquors of mineral waters, and in a few minerals (melaphyr, 
camallite, lepidolite). Caesium has been found in considerable 
quantities in pollux, and traces of rubidium have been found 
in the ashes of plants. The compounds of csesium and 
rubidium bear in general great resemblance to the potassium 
compounds; their strong solutions are precipitated by chlorida 
of platinum, and those which are volatile color flame violet. 
On the other hand, the platinum salts are far less soluble in 
water than the correaponding salt of potassium ; 100 
water at 10° dissolves 900 mgrm. of the chloride of potassium 
and platinum, 1d4- mgrm. of the chloride of rubidium and 
platinum, and 50 mgrm. of the chloride of CEesium and 
platinum. Again, the alums show great differences as regards 
their solubility in cold water ; thus 100 parts of water at 17** 
dissolve 13'5 parts of potassium alum, 2'27 parts of rubidium 
alum, and "619 piirts of esesium alum. And again, the 
spectra of cfesium and rubidium are quite different from the 
spectrum of potassium. 

The carbonate of caesium is soluble in absolute alcohol^ 
while carbonate of rubidium is insoluble. However, the two 
metals cannot well be separated by this means, as the carbo- 
nates seem to form a double salt, which is not absolutely in- 
soluble in alcohol. It is more easy to separate them whea 
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they are in the form of acid tartrates ; the acid tartrate of 
rubidium dissolves in 8*5 parts of boiling water, and 84*57 
parts of water at 25^, while the corresponding salt of caesium 
dissolves in 1*02 parts of boiling water, and 10'32 parts of 
water at 25°. (The acid tartrate of potassium I'equires 15 
parts of boiling water, and 89 parts of water at 25°.) 
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DETECTION OF THE RARE METALS 
IN THE COURSE OF ANALYSIS. 

W The prec 

j May contain 



Tbe precipitate prodaoed hj RydroclUorlc Add 



May contain silver, mercury, lead, thallium {as chloridea), 

niobous acid, tuugatic acid, and silicic acid. Antimonic, tan- 
talic, and molybdic acids are also precipitated, but redissolve 
in excess of hydrochloric acid ; tantalic acid redissolvea to an 
opalescent fluid.* 

The precipitate is thoroughly washed with hot water j and 
the washings are tested for tUallinm with iodide of potas- 
sium. 

The residue is treated with ammonia to remove the silver, 
and then with nitrie acid to remove the mercury. Niobona 
acid, tungstie add, and silicic acid remain behind. 

To separate the silica, the residue is fused with acid sul- 
phate of potassium, treated with water, and then with dilute 
carbonate of ammonium; and to separate the nloblniB 
horn the tnngrsten the solution obtained is treated with 
excess of sulphide of ammonium. 

Tbe precipitate produced by- Hydro sulphuric Aeld 

May contain 

1, As sulphides insoluble in sulphide of ammonium, or 
sulphide of sodium. Lead, mercury, bismuth, copper, 
cadmium, palladium,! rhodium,t osmium,t ruthenium. f 

2. As sulphides soluble in sulphide of ammonium, or 
sulphide of sodium. Hn, antimony, arsenic, gold, 
platinum.t iridium,! molybdenum, tellurium, Bela- 
nium.J 

• HypoHnlphiteB are deoomposod by hydrochloric acid, sulphur being 
deposited and sulphurous acid formed. 

+ These metala are not readily precipitated ; the gas mnat be passed 
for a long time, and tbe solution muat be warmed. 

X The following bodies cause separation of sulphur. The salts of man- 
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After tlie precipitate has been separated into the two divi- 
ona, they are examined as follows : — 

Division I. 

I fused with potash and chlorate of potasaiutiij heated 
bally to redness, allowed to cool, treated with water and 
Itered. 

The filtrate may contain osmate and ruthenate of potassium 
-the latter gives a deep yellow color. It is cautiously neu- 
ralized with nitric acid, when black sesquioxide of rnthflniuia 
Wl separate. On adding excess of nitric acid and diatilling, 
be osmium will pass over in the form of osmic acid. 

The residue is gently ignited in hydrogen,* then cautiously 

eated with dilute nitric acid. The copper, lead, &c., are 

[issolTed, while the rhodium and palladium remain. The 

;idue is treated with aqua rcgia, which dissolves the 

■alladlnm, leaving the rlioillniD. 

A separate portion of the precipitate of Division I. should 
fe tested for mercury in this case. 

Division II. 

On fusing the precipitate with carbonate and nitrate of 
pdium, according to p. 72, and treating it with cold water, 
solution will contain molybdlc, tellurlot and selenlo 
besides arsenic acid, while grold, platinum, and 
idlnm will be left behind in the metallic state with the 
oxide and antimouiate of sodium. 



Ae precipitate produced by Ammonia and Sulphide of 
Ammonium In presence of Chloride of Ammonium 

tfay contain 

Ab sulphides. Nickel, cobalt, iron, manganese, zinc, 

uranium, thallium, indium. 
As hydrates. Chromium, aluminium, beryllium, thoriumj 

neae and cobalt corresponding to their liigher oxides, vanadio acid 
ith blue coloration), and nitroua, sulphurous, bjposulphitroiia, bromic, 
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zirconiuni, yttrium, terbiam, erbium, cerium, lantW] 
Ilium, didymium, titanium, tautaluni, (niobium.*) 

1. The greater part of the precipitate is washed, dried, 
ignited iu a porcelain crucible, fused for a long time 
platinum crucible with acid sulphate of potassium, allowed to 
cool, well soaked in cold water and filtered. 

The residue contains the tantalnm, niobium, aud poasil 
silica and a little undissolved irou aud chromium. It 
fused with soda and chlorate of potassium, and treated wit 
dilute soda; chroraate aud silicate of potassium will dissoli 
while ferric oxide, tautalatc aud uiobite of sodium will be h 
The esccss of soda is removed &om the residue, and then the 
latter is treated repeatedly with very dilute carbonate of 
sodium, in which the niobite of sodium dissolves much more 
readily than tbe tantalate. 

The filtrate is treated with hydrosulpburic acid, to reduce 
triad iron, much diluted, aud boiled for some time, carbonic 
acid being passed all the while. A precipitate may con- 
tain titanium, and possibly zirconium. 

Tbe filtrate is evaporated to a small bulk, with addition of 
nitric acid, mixed with excess of ammonia, and filtered. The 
precipitate is washed, dissolved in hydrochloric acid, reprecipi- 
tated with ammonia, and filtered off; the filtrate being mixed 
with the former filtrate. Ilie mixed filtrates contain almost 
the whole of the uickel, cobalt, manganese, and zinc. 

The precipitate is redissolved in hydrochloric acid, mixed in 
the cold with potash, and filtered. 

The filtrate contains the chromium, aluminium, and beryl- 
lium. It is diluted and boiled for some time ; the aluminium 
will remain in solution, the beryllium and chromium will he 
precipitated. Tbe precipitate is fused with carbonate of sodium 
and chlorate of potassium in a platinum crucible and boiled 
with water. AH the chromium ■will dissolve as chromate. 
The beryllium may partly remain insoluble and partly dis' 
solve; the part which dissolves may be thrown down by 
acidifying with hydrochloric acid and then neutralizing irith 
ammonia. 

The precipitate may still contain, besides the other bodies^, 
chromium, and possibly (in presence of yttrium and cerii 




* Traces of niobium may be found here, which have been left impre 
pitated bj the hjdroolUorio acid. 
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ftuminium and beryllium. It is dissolved in hydrochloric 
icid, evaporatefl if uccessary to drive off excess of acid, dilated, 
sixed with carbonate of barium, and allowed to stand four or 
iTe hours in the cold. 

The precipitate contains iron, indium, and possibly chro- 
nium, aluminium and uranium. It is redissolved in hydro- 
ihloric acidj and mixed with excess of acid carbonate of sodium 
separate uranium, 'The precipitate is tested in the spec- 
Iroacope for Indlunif and by fusing with carbonate of sodium 
tad chlorate of potassium for chromium. 

In the filtrate from the carbonate of barium precipitate the 

^arium is thrown down by sulphuric acid, the sulphate of 

Moiom is filtered ofij the filtrate is evaporated to a small bulk, 

ixactly neutralized with potash (the solution being left rather 

Ksid than alkaline), mixed with sulphate of potassium in 

irystals, boiled, allowed to stand for twelve hourSj and filtered ; 

B precipitate being washed with sulphate of potassium. 

The filtrate contains yttrium, erbium, terbium, and possibly 

BOme beryllium. It is mixed with ammonia, which precipitates 

fH four. The precipitate is treated with a strong, hot solution 

rf oxalic acid, which dissolves the ber;lllain leai'ing yttrinm, 

blnm, and terbium. 

The precipitate that has been washed with sulphate of 
lotassium is boiled repeatedly with water containing a little 
lydrochloric acid ; the tborlum and oerlum will dissolve, 
saving the zirconium behind. 

A portion of the precipitate is tested in the spectro- 
Kx)pe for ttaaUlum (and indium). To examine further for 
ballium, dissolve a portion of the precipitate in boiling dilute 
^droehloric acid, treat the solution with sulphurous acid till 
tie ferric salts are reduced, neutralize nearly with ammonia, 
nd add iodide of potassium. If a precipitate is obtained, it 
lioidd be examined in the spectroscope. 

Tlie filtrate froai tbe Sulphide of Ammonium 
Precipitate. 

By Just acidifying this filtrate with hydrochloric acid we 
»y get a precipitate containing nickel, vanadium, and 
mgaten,* as sulphides. The precipitate is filtered off, washed, 

f^ portion of thia metal may have b«ea left by the hjdroclilDrio aoid. 
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dried, fused with carbonate of sodium aud nitrate of potassiun^ 
and treated with water, which will disaolve vanadiate 
tiingatate of potassium, leaving oxide of nickel behind. Prom 
the solution the vanadium may be separated by solid chloride 
of ammonium, and the tungsten by evaporating with hydro- 
chloric acid and treating the residue with water, 

Detection of Xtithinm, Cwfllam and Aubldinm In prft< 
Benoe of larg'B quantities of Sodium and Fota&alnnii 

The dry chlorides are extracted, with addition of a few 
drops of hydrochloric acid,* with alcohol of 90 per cent. 
The solution will contain all the rare metals, and almost thg 
whole of the potassium and sodium will be left behind. Thtf 
solution is evaporated to dryness, taken up with a little water^ 
mixed with chloride of platinum and filtered, 

The precipitate contains the cjeaium and ruhidiom. It U 
washed repeatedly with boiling water to remove the chloridft: 
of potassium and platinum, and examined eonttnually by the 
spectroscope during the process. The potassium spectrum wiH 
grow fainter and faiuter while the spectra of ceealum and 
rubidium will become visible. 

The filtrate contains the lithium. It is evaporated to dry- 
ness, heated to low redness in a current of hydrogen to 
decompose the chloride of sodium and platinum, and the esce« 
of chloride of platinum, moistened with hydrochloric acid,* 
warmed to drive off the excess of the acid, and extracted witlf 
a mixture of absolute alcohol and ether. On evaporating the 
alcoholic solution, the chloride of lithium is obtained per- 
fectly free from sodium and potassium. It may be well t( 
dissolve a portion in water, and add sulphuric acid and alcohfl 
to make sure that strontium and calcium are absent. 

Insoluble SnbstanoeB 

May contain the following rare metals : — Beryllium, th(H 
rium, zirconium, cerium, titanium, tantalum, niobium. 
lybdenum, tungsten, rhodium, indium, osmium- iridium, ruthi 
nium. 

• The UHO of the hydrochloric acid is to reooavert any carbonate 
lithimu thait may b(i formed into chloride. Carbonate of nthiuia ia iai 
luhle in alcoliol. 
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The substance, after having been freed from silver, lead, 
and snlphnr in the usual way, is frised with carbonate of 
sodium and nitrate of potassium, and repeatedly extracted 
with hot water. If a residue is left, it is fused for some 
time in a silver crucible with potash and nitrate of potassium, 
and treated repeatedly with water. 

The alkaline solutions are mixed. They may contain be- 
ryllium, a portion of the titanium, tantalum, niobium, mo- 
lybdenum, tungsten, osmium, ruthenium, and a portion of the 
iridium. 

The residue is fused with acid sulphate of potassium, and 
treated with water. The solution may contain thorium, zir- 
conium, cerium, the remainder of the titanium, and rhodium. 
If a residue is still left, it may contain platinum ore metals ; 
it should be mixed with chloride of sodium and ignited in a 
cnxrent of chlorine. 
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LIST OF RARE ACIDS. 

Hydrofluosilicic acid. 
Iodic acid. 
Nitrous acid. 
Perchloric acid. 
Pyrophosphoric acid. 
Metapliosphoric acid. 
Phosphorous acid. 
Hypophosphorous acid. 
Sulphurous acid. 
Hyposulphurous acid. 

Hydroflnosiliolo Aoid. 

When evaporated in platinum this acid volatilizes com- 
pletely as fluoride of silicon and hydrofluoric acid. When 
evaporated in glass it etches the vessel. The metallic silica* 
fluorides are resolved by ignition into metallic fluorides and 
fluoride of silicon. 

When silicofluorides are heated with strong sulphuric add 
sulphates are formed, and hydrofluoric acid and fluoride of 
silicon escape. If the experiment is conducted as described, 
p. 87, 2, the glass will be etched. 

Chloride of barium forms a crystalline precipitate, see p. 59, 8. 

Chloride of strontium and acetate of lead form no preci- 
pitate. 

Salts of potassium precipitate transparent gelatinous silico- 
fluoride of potassium. 

Ammonia in excess precipitates hydrated silica, fluoride of 
ammonium being formed. 

Zodio Aoid. 

Chloride of barium throws down from alkaline iodates a 
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precipitate of iodate of barium, which is soluble in 
ic acid. 

Nitrate of silver throws down a white crystalline precipitate 
iodate of silver, readily soluble in ammonia, sparingly 
hible in nitric acid. 

Hydrosulphuric add throws down from iodic acid solutions 
!, which dissolves in the hydriodic acid formed; sulphur 
ing separated at the same time. An excess of hydrosul- 
luric acid decolorizes the solution, the iodine being com- 
Btely converted into hydriodic acid. 

Sulphurous acid precipitates iodine, which is converted into 
f diiodic acid by an excess of the reagent, 

KltrouB Acid. 

When a nitrite is mixed with an add, the nitrous acid 
irhich might be supposed to be formed, splits up at once into 
litric acid, nitric oxide and water, thus — 

3HNO^=HN03 + 2NO + H20. 

Nitrate of silver added to aDcaliue nitrites produces a white 
precipitate, which dissolves in a very large quantity of water, 
specially of hot water. 

Ferrous sulphate upon addition of an acid, produces a dark 
Ijrown coloration, due to the nitric oxide dissolving in the 
ferrous solution. 

Hydrosulphuric add produces in neutral solutions a copious 
precipitate of sulphur, nitrate of ammonium being formed at 
the same time. 

The most delicate teat for nitrous acid consists in the 
addition oF iodide of potassium, solution of starch and sulphuric 
add. "Water containing the one hundred -thousandth part of 
nitrite of potassium is colored distinctly blue in a few seconds, 
ftnd a few minutes suffice to produce the same effect in water 
containing one-millionth of the salt. However, this test is 
not characteristic, as other substances besides nitrous acid have 
this effect. 

PerobloTlo Aeld. 

The dilute solution of the acid gives by distillation, iirst 
I irater, then weak acid, and finally strong aeid. All the per- 
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chlorates are decomposed by ignition, thoae of the alki 

metals leaving ciilorides behind, with disengagement i 
oxygen. 

Sails of potassium prodnce a white crystalline precipitate ( 
perchlorate of potassium, sparingly soluble in water, insoluH 
in spirit. 

Chloride of barium and nilrate of silver produce no precip 
tate. 

Strong sulphuric acid fails to decompose perchloric acid ii 
the cold, and decomposes it only with diffictilty on heating 
(Here perchloric acid differs from chloric acid.) 

Hydrochloric acid, nitric acid and sulphurous add do not 
decompose perchloric acid ; if therefore indigo solution . 
added at the same time it is not. decolorized. {Here perchloric 
acid differs from all the other oxygen acids of chlorine.) 

PTTOphosplioilc Add. 

The solution of this acid when boiled is converted into 
phosphoric acid. The solutions of the salts may be heated 
without suffering decomposition. If the salts are fused wit 
carbonate of sodium, phosphates are formed. 

Chloride of barium fails to precipitate the free acid; from 
solutions of its salts pyrophosphate of barium is precipitated. 

Nilrate of silver throws down from a solution of the acid, 
especially on addition of an alkali, a white precipitate of 
pyrophosphate of silver, which is soluble in nitric add and 
ammonia. 

Sulphate of magnesium precipitates pyrophosphate of mag- 
nesium. The precipitate dissolves in excess of the pyrophos- 
phate, as well as in excess of sulphate of magnesium. Am- 
monia fails to reprecipitate it from these solutions. Upon 
boiling the solution it separates again. 

A concentrated solution of luteo-coballic chloride added to 
an alkalioc pyrophosphate produces an immediate precipitation 
of pale reddish-yellow spangles. (Here pyrophosphoric acid 
differs from phosphoric and metaphosphorie acids. 

White of egg is not precipitated by pyrophosphoric acid, nor 
by its salts mised with acetic acid. 

Molybdate of ammonium dissolved in nitric acid, fails to pro- 
dace a precipitate. , 
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Metaplioephorio Aold. 

The salts when fused with carbonate of sodium yield phos- 
tiate of sodium. 

Those solutions which are precipitated hy nitrate of silver 
toduce a white precipitate with that reagent. 

A mixture of sulphate of magnesium, chloride of ammonium, 
pirf ammonia fails to produce a precipitate. Or if a precipi- 
ite IS formed it is soluble in chloride of ammomum. 

Vfhite of egg is immediately precipitated by metaphosphates 
nidified with acetic acid. 



FbospborouB Add. 



The solution of the acid ia decomposed by heat into phos- 
phoric acid and phosphurctted hydrogen gas, which does not 
take fire spontaneously. All the salts are dccompoaed by 
ignition into phosphates and hydrogen, or a mixture of hy- 
lifogeu and phosphurctted hydrogen. 

Nitrate of stiver is reduced to metallic silver, more especially 
pon adding ammonia and beating. 

MercuTous nitrate is reduced to metallic mercury, the re- 
btion being favoured by addition of ammonia and heating. 

Mercuric chloride is reduced to mercurons chloride, especially 

heating. 

Chloride of barium and chloride of calcium produce, upon 
ddition of ammonia, white precipitates solu!}le in acetic acid. 

A mixture of sulphate of magnesium, chloride of ammonium, 
tid ammonia precipitates only concentrated solutions. 

Acetate of lead throws down white phosphite of lead, in- 
Dlahle in acetic acid. 

By boiling with sulphurous acid in excess, phosphoric acid is 
(>rmed with separation of sulphur. 

In contact with zinc and dilute svlphuric acid phosphorous 
dd gives a mixture of hydrogen and phosphurctted hydrogen, 
riich fumes in the air, bums with an emerald color, and pre- 
dpitates phosphide of silver from solution of nitrate of silver. 

H7poptaoBphorouB Acid. 

The solution of the acid is resolved by boiling with es- 
Iwsion of air, into phosphoric acid and phosphuretted hydrogen 
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gas, which ia not apontaueously inflammable. All hypophoi 
pliites are resolved by ignition into phosphate and phoi 
phuretted hydrogen gasj which in most cases ia spontaneous^ 
inflammable. 

Chloride of barium, chloride of calcium, and acetate of It 
fail to precipitate hypophoaphites. (Here they differ 1 
phoBphites.) 

Nitrate of silver givea with hypophosphites, first, a whit 
precipitate of hypophoephite of silver, which tnins black t 
at the common temperature, but more rapidly on heating ; tb 
change of color being attended with separation of 
silver. 

Mercuric chloride added in excess to hypophosphorous aci( 
is reduced to mereurous chloride. The change is favonred by 
heat. 

With zinc and sulphuric acid hypophosphorous acid gives 
hydrogen gas mixed with phosphuretted hydrogen. 

SulpllUTOIlB A old. 

"When treated with hydrochloric acid all sulphites evolve 
sulphurous anhydride, which may be known by ita odor. 

Chlorine water converts sulphurous acid to sulphuric acid. 

Chloride of barium precipitates neutral sulphites ; the pre- 
cipitate dissolves in hydrochloric acid. 

Hydrosulphuric acid decomposes sulphurous acid, water and.' 
peutathioiiie acid being formed, and free sulphur eliminated. 

K to a solution of sulphurous acid mixed with an equal 
volume of hydrochloric acid, a piece of clean copper wire a 
added, and the mi^iture is boiled, the copper appears black, 114; 
if covered with soot, if much sulphurous acid is present ; but 
only dull if a little is present. 

If a trace of a sulphite is introduced into a hydrogen appa- 
ratus, hydrosulphuric acid is immediately evolved with the. 
hydrogen, and the gas now produces a black precipitate in a 
solution of acetate of lead, to which has been added au£Qcieati 
potash to ralissolvc the precipitate first formed. 

Sulphurous acid is a powerful reducing agent ; it reduces 
chromic acid, permanganic acid, and mercuric chloride, and it 
decolorizes iodide of starch. 

With a hydrochloric acid solution of stannous chloride 
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ellow precipitate of stannic sulphide is formed after some 

ime. 
If an aqueous solution of an alkaline sulpliito is mixed with 

kcetic acid just to give it an incipient acid reaction, and is 

hen added to a relatively large amount of solution of sulphate 
Hf zinc, mixed with a very small quantity of nitrovrusgide of 
todium, the fluid acquires a red color if the quantity of sul- 
phite present is not too inconsiderable ; but when the quantity 
flf sulphite is very minutCj the coloration does not make its 
appearance till some ferrocyauide of potassium has been added. 
The latter salt occasions the formation of a purple-red pre- 
tipitatej unless the quantity of sulphite is too slight. (Hypo- 
lulphites of the alkali metals do not show this reaction.) 

HTpoBulplinroas Acid. 

The solutions of most hyposulphites may be boiled without 
suffering decomposition. Hyposulphite of calcium ia resolved 
upon boiling into sulphite of calcium and sulphur. 

If hydrochloric acid is added to the solution of a hyposul- 
phite, the fluid remains at first clear and odorless, but after a 
■hort time — the shorter the more concentrated the solution — 
it becomes more and more turbid, owing to the separation of 
lulphuTj and exhales the odor of sulphurous acid. Application 
of heat promotes the decomposition. 

Nitrate of silver produces a white precipitate of hyposul- 
|)hite of silver, which is soluble in an excess of the hyposul- 
phite ; after a little while {upon heating almost immediately) 
this precipitate turns black, being decomposed into sulphide of 
silver and sulphuric acid. Hyposulphite of sodium dissolves 
chloride of silver ; upon addition of an acid the solution re- 
mains clear at first, but after some time, and immediately upon 
boiling, sulphide of silver separates. 

Chloride of barium produces a white precipitate, which is 
soluble in much water, more especially hot water, and is 
decomposed by hydrochloric acid. 

Ferric chloride colors the solutions of alkaline hyposulphites 
xeddiah- violet (here they difler from alkaline sulphites) j ou 
standing, the liquid is decolorized, especially when heated, 
chloride being produced. 

o2 
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Hyposulphites immediately reduce an acidified solution of 
chromic acid, and decolorize acidified iodide of starch. 

Where it is required to find sulphites and hyposul- 
phites OF THE ALKALI METALS IN PRESENCE OF ALKALINE 

sulphides^ solution of sulphate of zinc first is added^ until the 
sulphide is decomposed ; the sulphide of zinc is then filtered 
off, and one part of the filtrate is tested for hyposulphurous 
acid with hydrochloric acid, while another portion is tested for 
sulphurous acid with nitroprusside of sodium, &c. 
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REACTIONS OF ALKALOIDS, 



The alkaloids may be classified as follows : — 

VOLATILE ALKALOIDS. 

Obtained in the distillate, when their salts are distilled tvith 
potash and water. 

Nicotine. 
Conine. 

NON- VOLATILE ALKALOIDS. 

Group I. 

Precipitated by potash from their salts, readily soluble in 
excess of the precipitant. 

Morphine. 

Group II. 

Precipitated by potash from their salts, insoluble in excess of 
the precipitant. 

Precipitated by add carbonate of sodium, even from acid 
solution, if the solution does not contain less than 1 per cent. 

Narcotine. 

Quinine. 

Cinchonine. 

Group III. 

Precipitated by potash from their salts, insoluble in excess of 
the precipitant. 

Not precipitated by acid carbonate of sodium from acid 
solution. 

Strychnine. 

Brucine. 

Veratrine, 
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VOLATILE ALKALOIDS. 

NICOTINE. CONINE. 

Nlootliie. 

1. Nicotine is a colorless, oily liquid, of 1'048 sp. gr.; it 
becomes yellow or brown by the action of air. It boils at 25(P, 
being partially decomposed ; but in a current of hydrogen it 
distils over unchanged between 100° and 200°. It is perfectly 
miscible with water, alcohol, and ether. 

Nicotine has a peculiar, somewhat ethereal, tobacco-like 
odor (the odor is much increased by heating), and an acrid, 
pungent taste. It is very poisonous. Dropped on paper, it 
makes a transparent stain, which slowly disappears ; it is alka- 
line to test-paper. A strong aqueous solution of the alkaloid 
shows these reactions more distinctly than pure nicotine. 

2. The salts of nicotine are freely soluble in water and 
alcohol, insoluble in ether; they are inodorous, but taste 
strongly of tobacco ; some of them are crystaUizable. By 
distilling the salts with potash, neutralizing the distillate with 
oxalic acid, and evaporating, oxalate of nicotine is left, which 
may be freed from any oxalate of ammonium that may be 
present by means of alcohol, in which it is soluble, oxalate of 
ammonium being insoluble. 

3. If a solution of a nicotine salt is mixed with potash and 
then shaken with ether, the nicotine will be dissolved by the 
ether. On allowing the ethereal solution to evaporate on a 
watch-glass, the nicotine will be left, and on wanning the 
watch-glass, the alkaloid wiQ volatilize in white, strong-smelling 
fumes. 

4. Chloride of platinum produces in solutions of nicotine a 
whitish-yellow, flocculent precipitate. On heating the mixture, 
the precipitate dissolves, but on continuing the application of 
heat, the precipitate soon forms again as an orange-yellov, 
crystalline, heavy powder, which, under the microscope, appears 
to be composed of rounded crystalline grains. If a rather 
dilute solution of nicotine, supersaturated with hydrochloric 
acid, is mixed with chloride of platinum, the fluid at first 
remains clear ; after some time, however, the double salt sepa- 
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ites in small cryBtals (oblique, four-sided prisms), clearly 
iaceruible with the naked eye, 

5. Chlorifle of gold produces a reddish-yellow, flocculent 
recipitate, sparingly soluble in hydroehlorie add. 

6. Solution of iod'uie in iodide of potassium, added in small 
[Uantity to solution of nicotine, produces a yellow precipitate, 
fhich after a time disappears. Upon further addition of the 
■eagent, a copious, kermes- colored precipitate separates; but 
ibis also disappears after a time, 

7. Tannic acid produces a copious white precipitate, which 
»edissolvea upon addition of hydrochloric acid, 

If a solution of nicotine is added to mercuric chloride 
scesa, a white, flocculent precipitate is formed. On adding 
chloride of ammonium, the precipitate redisaolves. But the 
fiuid soon turus turbid, and deposits a heavy, white precipitate, 

Conine. 

Conine is a colorless oily liquid, of -87 sp. gr. ; it be- 
comes brown by the action of air. It boils at 213°; when 
distilled in the ordinary way it turns brown, and is partially 
decomposed ; heated in a current of hydrogen, it distils un- 
changed ; with aqueous vapours it distils freely. It dissolves 
but sparingly in water, 1 part requiring 100 parts of water at 
the common temperature ; the solution becomes turbid on 
warmiug, and clear again on cooling. Conine is perfectly mis- 
cible with alcohol and ether. The aqueous and alcoholic 
Bolutions are strongly alkaline to test paper. Conine has a 
Tcry strong, pungent, repuJsive odor, which affects the head, 
and an uupleasaut taste. It is very poisonous. 

2. The salts of couine are soluble in water and alcohol ; 
some are to a certain extent soluble in ether. Hydrochlorate 
of Conine crystallizes readily ; the smallest quantity of conine, 
brought in contact with a trace of hydrochloric acid, yields 
almost immediately non-deliquescent rhombic crystals. The 
Bulphate of coniue docs not crystallize till after some time. 
The solutions of conine salts turn brownish on evaporation, 
with partial decomposition of the alkaloid. The dry salts do 
not smell of couine ; when moistened they smell but feebly of 
it ; but upon addition of potash they at once give the charac- 
teristic smell. By distilling the salts with potash, neutralizing 
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the distillate with oxalic acid, evaporating to dryness, and 
treating the residue with spirit of wine, the oxalate of conina 
is diaaolTcd, whilst any oxalate of ammonium that may be 
present is left undissolved. As conine is only sparingly 
soluble in water, and still less soluble in alkaline BolutionS) 
a strong solution of a conine salt turns milky on addition o 
potash. The minute droiw whteh separate unite gradually, 
and collect ou the surface. 

3. If a solution of a conine salt is shaken with potash a 
ether, the conine dissolves in the ether. If the latter is them 
allowed to evaporate on a watch-glass, the conine is left in 
yellowish oily drops. 

4. Strong nitric add gives to conine a fine blood-red color, 

5. Sulphuric acid gives a purple-red color, which subse- 
quently turns olive-green, 

6. Chloride of platinum does not precipitate salts of conine. 
The conine compound corresponding to chloride of platinum 
and ammonium is soluble in water, but insoluble in alcohdl 
and in ether. The double salt dissolves on boiling witli 
alcohol, and separates on cooling in tbe amorphous form. 

7. Chloride of gold produces a yeUowish-white precipitate 
insoluble in hydrochloric acid. 

8. Mercuric chloride produces a copious white precipitate 
soluble in hydrochloric acid, 

9. Iodine dissolved in iodide of potassium, and also lama 
acid give the same reactions as with nicotine. 

10. Chlorine water produces in a mixture of water an 
conine,- a strong white turbidity. 

11. If a solution of conine is mixed with solution i 
albumen the latter coagulates. Aniline is the only otitei 
volatile alkaloid which shows this reaction, 

NON-VOLATILE ALKALOIDS. 

Group I. 

Korpliine. 

1. Crystallized morphine usually appears in the form o 
colorless, brilliant, rhouabic prisms. It has a bitter taste, am 
dissolves very sparingly in cold, but somewhat more readily 
in boiling water. It dissolves in about 90 parts of col" 
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alcoliol, and from 20 to 30 parts of boiling alcohol. The 
solutions both in alcohol and iii hot water have a distinctly 
.alkaline reaction. Morphine is nearly insoluble in ether ; it 
dissolves in amyl alcohol in the cold, but more freely on 
heating. It is insoluble in benzol, very difficultly soluble in 
chloroform. Morphine may be sublimed without decomposi- 
tion.* 

3. The salts of morphine are readily soluble iu water and 
alcohol, but insoluble in ether and amy] alcohol, Tlieir taste 
'is disagreeably bitter. Most of them are cry stalliz able. 

3. Potash and ammonia precipitate the alkaloid from solu- 
tions of its salts, in the form of a white crystalline powder. 
The formation of the precipitate generally takes some time ; it 
is accelerated by stirring and rubbing. The precipitate redis- 
solves with great readiness in excess of potash, but more 
sparingly in ammonia. It dissolves also in chloride of ammo- 
nium, and in carbonate of ammonium, but with difficulty in 
the latter. 

4. Carbonate of potassium, or of sodium, produces the same 
precipitate, which is insoluble in esccss of cither reagent. 
Consequently, if acid carbonate of potassium or of sodium is 
added to, or if carbonic acid is passed into, a solution of 
morphine in potash, the morphine separates, especially after 
boiling, in the form of a crystalline powder. This powder 

I slightly magnified appears as acicidar crystals, and magnified 
\ one hundred times as rhombic prisma. 

' 5. Acid carbonate of potassium, or of sodium, speedily 
produces in neutral solutions a precipitate of morphine, inso- 
, luble iu excess of the reagent. Acidified solutions of morphine 
I are not precipitated in the cold, 

I 6. Strong nitric acid added to salts in the sobd state or 
I in strong solutions, produces a color varying from red to 
L yellowish-red. Dilute solutions do not change color on addi- 
Kfion of nitric acid in the cold, but become yellow upon 
plieating. 
I 7, If morphine, or a salt of morphine, is treated with 4 or 

I • For the best way of anbliming morphine, and for the value of the 
■»nblimate in microsiwpic diagnosis, hoc Helwig (Zeitaoiir, f. anal. 
■ChenL, 3, 43; or Daa MikroBOop in der Tosikologie von Dr. A. Helwig. 
KTon Zabem. Mainz : 1864). In tbe latter work tie subject is treated 
■inore completelj and iUustTated. I may mention tliat the alkaloid must 
ue peifectlj pare, 
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5 drops of pure strong sulphuric acid, and warmed, a. colorleea 
solution is obtained; if, after cooling, 10 to 20 drops of 
sulphuric acid, mixed with nitric acid,* are added, and 2 or 

3 drops of water, the fluid acquires a Wolet-red color (gentle 
heating jiromotcs the reaction) ; and if now 4 or 5 clean lentil- 
sized fragments of binoxide of manganese are added, or a,i 
fragment of chromate of potassium (Otto), the fluid acqi 
an intense mahogany color. If the fluid is theu diluted wil 

4 parts of water, cooled in a test-tube, and ammonia added 
till the reaction is almost neutral, a dirty yellow color make; 
its appearance, which turns brownish red upon supersaturation 
with ammonia, without the deposition of any appreciable 
precipitate. 

Aecordmg to A. Huscmann the violet coloration of sulphate 
of morphine by nitric acid, does not occur till the morphine 
solution has undergone change. It occurs immediately when 
the solution in strong sulphuric acid is heated to 100° — 150°. 
If, after cooling, a drop of nitric acid is added, a splendid dark 
violet color is produced, which stays at the edge for several 
minutes, but in the middle soon passes into a blood-red color, 
which slowly becomes paler. Chloride of soda acts like nitric 
acid. (Very delicate reaction.) On heating morphine with 
sulphuj-ic acid above 150°, a transient reddish violet color is 
produced, which turns finally to dirty green. 

8. Neutral /eTTJc chloride gives to strong neutral solutions 
of morphine a beautiful dark blue color, which disappears on 
the addition of an acid. If the solution contains animal ot 
vegetable extractive matters or acetates, the color will apj 
clouded and less distinct. 

9. Iodic acid added to morphine or a morphine salt, 
decomposed, with separation of iodine. Other nitrogenoi 
bodies (albumen, casein, fibrin, &c.) reduce iodic acid in 
same manner. In the case of morphine, the coloration 
made more intense by the addition of ammouia; in the 
of other bodies, the color is removed by the addition of 
monia.t 

* Mis 3 drops of Btrong nitric acid with ICX) c.c. water, and i 
10 drops of thia to 40 c.c. of pure strong Bulphurio acid. 

f For ike detention of small quantities of morphine, Lefort rt 
to moisten atripB of wliite blotting -paper repeatedly with, the aolatioq 
drying after each moistening. iNitric acid, ferric chloride, and iodic a^ 
~ '' oonia, will give the reactions on the paper plainly. 
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NARCOTINE, QUININE. CINCHOM 

Harcotlne. 



1. Narcotine appeara uaually as colorless brilliant rhombic 
priams, 6t a white loose crystalline powder. It is insoluble 
itt water. Alcohol and ether dissolve it sparingly in the cold, 
but somewhat more readily on heating. The sohd narcotine 
is tasteless, the alcoholic and ethereal solutions are intensely 
bitter. The alkaloid does not alter vegetable colors. It fuses 
at 170°. 

3. The salts of narcotine have invariably an acid reaction. 
Those with weak acids are decomposed by a large amount of 
water, and, if the acid is volatile, even by simple evaporation. 
Moat of the salts are amorphous and soluble in water, alcohol, 
and ether ; they have a bitter taste. 

3. TAe alkalies, their carbonates and their acid carbonates 
immediately precipitate narcotine from solutions of its salts, 
in the form of a white powder, which when magnified one 
hundred times, appears as an aggregate of crystalline needles. 
The precipitate is insoluble in escess of either precipitant. If 
a solution of a narcotine salt is mixed with ammonia, and 
shaken with ether, the alkaloid dissolves in the latter. If a 
drop of the ethereal solution is evaporated on a watch-glass, 
the residue is seen, when magnified one hundred times, to con- 
Biat of distinct needles. 

4. Strong nitric acid dissolves narcotine to a colorless 
fluid, which becomes yellow on heating. 

5. Strong sulphuric acid acts differently upon different 
specimens of narcotine. Those that are apparently the purest 
give a bluish violet solution which in a short time becomes 
dirty orange ; specimens which appear less pure give a yellow 
solution at once. If the yellow solution in either case is 
■warmed very gradually it becomes at first orange red, subse- 
quently heautiful bluish stripes are produced, and finally, when 
the sulphuric acid begins to evaporate, an intense reddish 
Tiolet color is formed. If the heating is interrupted when the 
blue color is present, the solution slowly becomes cherry red 
in the cold. The reaction k very delicate, (Hnscmann.*) 

• ZeitBchr. f. anal Chem, 3, 151. 
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6. If to a solution of narcotine in strong sulphuric add 
prepared in the cold, 10 to SO drops of sulphuric acid contm- 
iiig a minute quantity of nitric acid (footnote, p. 204) are added, 
and thcu two or three drops of water, the fluid becomes in- 
tensely red. Addition of hiuoxide of manganese does not 
change the color. If the solution is diluted and ammonia a 
added in cicess, a dark brown precipitate ia produced. If to 
a solution of narcotine in strong sulphuric acid, prepared 
the cold, chloride of soda ia added, a distinct and rather pw- 
manent crimson color is produced, which passes into yelloi 
red. The solution of narcotine in strong sulphuric acid, whii 
has been colored by heat, is turned * immediately bright 
yellow by nitric acid or chloride of soda, and a more reddish 
coloration appears gradually (Husemann). 

7. Chlorine-water added to solution of a narcotine salt 
gives a yellow color, sbghtly inclining to green. On the ad- 
dition of ammonia a yellowish red and much more intense 
color is produced. 

S. If a salt of narcotine is dissolved in excess of dilate 
sulphuric acid, mixed with finely powdered binoxide of 
manganese, and boiled for some minutes, the alkaloid is de- 
comjwacd. On filtering, and adding ammonia to the filtrate, 
uo precipitate will be obtained. 

Quinine. , 

1. Quinine appears either in the form of fine crystallin 
needles of silky lustre, which are frequently aggregated into 
tufts, or as a loose powder. It is sparingly soluble in cold, bnj 
somewhat more readily in hot ^ater. It is readily soluble ial 
alcohol, both cold and hot, but less soluble in ether. Thft 
taste of quinine is intensely hitter. The solutions manifea 
alkaUne reaction. Upon exposure to heat it loses water. 

2. The salts of quinine are intensely bitter. Most 
them are crystalhzable, difficultly soluble in cold vaUv, 
more readily soluble in hot water and alcohol. The ad 
salts dissolve very freely in water; the solutions reflect I 
bluish tint. 

3. The alkalies and their carbonates produce, in solutiooC 
of the salts (if not too dilute), a white loose pulverulent', 
precipitate of quinine, which immediately after precipitation ap- 
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3ars opaque and amorphous under the microscopCj but assumes, 
S^er the lapse of some time, the appearance of an aggregate 
f crystalline needles. The precipitate redissolves only to a 
carcely perceptible extent in excess of potash, but it is more 
oluble in ammonia. It is hardly more soluble in potassium 
ir sodium carbonate than in water. If a solution of a quinine 
lalt is mixed with ammonia, and shaken with ether, the latter 
iissolves the quinine. In this last reaction quinine differs 
essentially from cinchonine, 

4. Acid carbonate of sodium produces in neutral and acid 
solutions of quinine a white precipitate. If the solution 
contains 1 per ecnt, of the alkaloid, a precipitate appears im- 
mediately ; if the solution contains '7 per cent., the precipitate 
separates only after an hour or two; and if the solution 
contaius '5 per cent., the fluid remains clear at first, and a 
slight precipitate forms in the course of twelve or twenty-four 
hours. The precipitate is not altogether insoluble in excess 
of the precipitant; it is well, therefore, not to have much 
excess. The precipitate contains carbonic acid. 

5. Strong nitric acid dissolves quinine to a colorless fluid, 
turning yellowish upon application of heat. 

6. Chlorine water produces no apparent change until am- 
monia is added, when a deep emerald green color makes its 
appearance. If, after the addition of chlorine water, some 
ferrocyanide of potassium is added, and then a few drops of 
ammonia, the fluid acquires a magnificent deep red tint, which 
soon turns to dirty brown. This reaction is delicate and 
characteristic. Upon addition of an acid to the red fluid, the 
color vanishes, but reappears afterwards upon cautious addition 
of ammonia. 

7. Strong sulphuric acid dissolves the pure salts of quinine 
to a colorless or very faint yellowish fluid, which turns yellow 
or brown on the application of heat. Sulphuric acid, con- 
taining some nitric acid, dissolves quinine to a colorless or 
very faint yellowish fluid. 

8. As regards the polarizing properties of iodide of sul- 
late of quinine, see " Phil. Mag.," 6, 171. 

Ctttobonlne. 

1. Cinchonine appears either as transparent brilliant 
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rhombic prisms, or fine white needles, or a loose powder. 
first it is tasteless, but after some time the bitter taste beco 
perceptible. It is nearly insoluble in cold water, and d 
solves only with extreme diEGculty in hot water ; it dissdiH 
sparingly in cold dilute alcohol, more readily in hot alco 
and freely in absolute alcohol. From hot alcoholic solutk 
the greater portion of the alkaloid separates upon cooling i| 
a cn'stalline form. Solutions of cinchouine taste bitter, 
manifest alkaline reaction. Cinchouine is insoluble in ether."^ 
Cinchonine may be sublimed, preferably in a curreut of 1 
hydrogen. 

2. The salts of cinchoniue have a bitter taste ; most of I 
them are cryatallizable ; they are generally more readily I 
soluble in water and alcohol than the corresponding quinine I 
salts. They are insoluble in ether. 

3. The alkalies and their carbonates produce a white loose 
precipitate of cinehonine, which does not redissolve in exceu 
of any of the precipitants. If the solution was concentrated, 
the precipitate does not appear distinctly crystalline — eyen 
when magnified 200 times ; if the solution was very dilnte, 
and the precipitate only formed after some time, it appean 
under the microscope to consist of distinct needles aggregated 
into tufts. 

4. Acid carbonate of potassium or of sodium precipitatw 
cinchonine both from neutral and acidiiied solutions of r 
salts, but not so completely as the carbonate of potassium oK 
sodium. A precipitate forms immediately in solutions con 
taining only -5 per cent, of cinchonine 

5. Strong sulphuric acid dissolves cinchonine to a colorlei 
fluid, which on lieating turns black. Addition of nitric aci^ 
leaves the solution colorless in the cold, but on heating a blacl 
color is developed. 

6. Chlorine water gives no color to a solution of a cincho 
nine salt. If ammonia is also added, a yellowish white pre^ 
ciiritate ia formed. 

7- If a solution of a cinchonine salt containing very little 
or no free acid, is mixed with ferrocyanide of potassium, & 

• The cinchonine of commerce usuaUj contaiiiB another alialoid, ._ 

cinchotine, which ia soluble in ether, Cinchotice crvBtallizes in large' 
rhomboidal crystals of brilliant loatre, which fose at a nigh tcmperatnTflj, 
and cannot be Bublimed, even in a current of hydrogen. 
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nent precipitate of hydroferrocyanide of cinchonine is 
jbnned. If an excess of the precipitant is added, and a 
;entle heat very slowly appliedj the precipitate dissolves, but 
teparates again upon cooling, in brilliant golden scales, or in 
ng needles, often aggregated in the shape of a fan. With 
be aid of a microscope this reaction is as delicate as it is 
iiaracteristic, 

Group III. 



BRUCINE. VEKATRINE. 

Sttyclinlne. 

Strychnine appears in the form of brilliant rhombic 

□Qs, or a white powder. It has an extremely bitter taste. 

Kt is nearly insoluble in eold, and barely soluble in hot water. 

* almost insoluble in absolute alcohol and ether, and only 

■ingly soluble in dilute alcohol. It dissolves freely in 

myl alcohol, especially with the aid of heat. It is also 

Boluble in beuzol and chloroform. By cautious heating it 

may be sublimed unchanged {Helwig, see note, p. 303). 

2. The salts of strychnine are for the most part cryatal- 
lizable J they are soluble in water. All the salts have an in- 
tolerably bitter taste. 

3. Potash produces in solutions of strychnine salts a 
precipitate of strychnine, which is insoluble in excess of 
potash. Magnified 100 times it is seen to consist of needles. 
From dilute solutions the precipitate separates only after some 
timej and then has the form of needles visible to the naked 

eye. 

4. Carbonate of sodium produces the same precipitate, in- 
soluble in excess. 

5. Ammonia produces the same precipitate. It redissolves 
' in excess of ammonia j but after some time the alkaloid 
I .separates in the form of needles, visible to the naked eye. 

6. Acid carbonate of sodium produces in neutral solutions 
I a precipitate of strychnine, which separates in fine needles 
I shortly after the addition of the reagent, and is insoluble in 

I of the precipitant. But upon adtling one drop of 
i (so as to leave the fluid still alkaline), the precipitate 
alves readily in the liberated carbonic acid. The addition 
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of acid caxbonate of sodium to an acid solution of strychi 
causes no precipitation; and it is only after the lapse c 
twenty-four hours, or more, that the alkaloid crystallizes f 
the fluid iu diatiuct prisms, in proportion as the free carboni 
acid escapes. If a concentrated solution of strychnine, supe 
saturated with acid carbonate of sodium, is boiled for soiw 
time, a precipitate forms at once; from dilute solutions t 
precipitate separates only after concentration. 

7. Sulphocyanide of potassium produces in concentrated I 
solutions of salts of strychnine immediately, in dilute soln- j 
tions after some time, a white crystalline precipitate, which J* 
appears under the microscope as an aggregate of flat needlei,, 
truncated or pointed at an acute angle, and ia but little solable- 
in an excess of the precipitant. 

8. Mercuric chloride produces iu solutions of salts (rf 
strychnine a white precipitate, which changes after some' 
time to crystalline needles, aggregated into stars, and di<» 
tinctly visible through a lens. Upon heating the fluid 
these crystals redissolve, and upon aubsecjueut cooling the 
double compound rccrystallizcs in larger needles. 

9. If a few drops of strong sulphuric acid are added to s 
little strychnine in a porcelain dish, solution ensues, without 
coloration of the fluid. K small quantities of oxidizing agent* 
(ehromate of potassium, permanganate of potassium, feni* 
cyanide of potassiimi, peroxide of lead, binoside of manganese)! 
are now added, in the aolid form, the fluid acquires a mag.^ 
nifieent bluish-violet color, which, after some time, changes tQ 
wine-red, then to reddish-yellow. With ehromate of potas- 
sium and permanganate of potassium the reaction is imme^. 
diate ; on inclining the dish, blue violet streaks are seen ttf 
flow from the salt fragment, and by pushing the latter about; 
the coloration ia aoon imparted to the entire fluid, Witlt 
ferricyanide of potasaium the reaction is less rapid ; but it U- 
slowest with peroxides. The more speedy the manifestation 
of the reaction the more rapid is also the change of color from 
one tint to another. I prefer ehromate of potasaium or per* 
manganate of potassium to all other oxidizing agenta. Jordafli 
auccceded, with ehromate of potassium, in distinctly showing 
the presence of Towetb grain of strychnine. J, Erdmann pre^ 
fera binoxide of manganese in lentil-sized fragments. Me* 
tallic chlorides and considerable quantities of nitrate 
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large qnantities of organic substances, prevent the manifesta- 
tion of the reaction or impair its delicacy. It ia therefore 
always advisable to free the strychnine first, as far as prae- 
ticablcj from all foreign matters before proceeding to try this 
jeactioD. 

Morphine interferes with this reaction* In order to re- 
moTe the morphine, the concentrated aqueous neutral solution 
of the substance is mixed with ferricyanide of potassium or 
neutral chromate of potassium and filtered. The precipitate 
contains the strychnine., the solution the morphine. The pre- 
cipitate is washed a little, dried, and mixed in a watch-glass 
iritb strong sulphuric acid. The blue-violet color is imme- 
diately produced. It should be borne in miud that the 
strychnine precipitate ia not insoluble in water.f 

10. Strong chlorine water produces in aolutions of atrych- 
niiie salts a white precipitate, which is soluble in ammonia to 
a colorless fluid. 

11. Strong nitric acid dissolves strychnine and its salts to 
s colorless fiuid, which turns yellow when heated, 



1. Brucine appears either in the form of transparent 
straight rhombic prisms, or in that of crystalline needles 
aggregated into stars, or as a white powder composed of 
minute crystalline scales. Brucine is diflScultly soluble in 
eold water, but somewhat more readily in hot. It dissolves 
freely in alcohol, both absolute and dilute ; it dissolves freely 
in cold, but more readily in hot amyl alcohol ; but it is almost 
insoluble in ether. Its taste ia intensely bitter. It may be 
Bublimed. {See Note p. 203.) 

2. The salts of brucine are readily soluble in water, and 
of an intensely bitter taste. Most of them are crystallizable. 

3. Potash throws down brucine from its salts ; the pre- 
^pitate is insoluble in escess of the precipitant. Viewed 

• See Eeese, Zeitachr. f. anal. Ciem., 1, 399. Horsley, Ibid. 1, 515, 
ThwiiaH, itiif. 1, 517. 

+ Bodgers recommenda to separate strychnine from morphine by 
lienEol, ia which the former alone ia soluhle. Thomas recommends to 
nnder the eolation of the acetates alkaline with potash, and to shaVe 
with chloroform ; the morphine remains in the allaline solution, while 
tiie stijohnine dissolves in the chloroform. 

p2 
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under the microscope, immediately after precipitation, it 
appears to consist of very minute grains ; but upon fiirtlia 
inspection, these grains are seen — with absorption of water- 
to suddenly form into needles, which latter aubseqneutlj 
arrange tbemBclves without exception into concentric groupH. 
These succeaaive changes of the precipitate may be distinct^ 
traced even with the naked eye. 

4. Carbonate of sodium produces the same effect as pota^ 
6. Ammonia producea in solutiona of bmcine salts a whitidt 
precipitate, which appears at first like a number of minute 
drops of oil, but changes subsequently, with absorption rf 
water, to small needles. The precipitate redissolves, imme* 
diately after separation, very readily in an excess of the pre- 
cipitant ; but after a very short time, unless the solution 
very dilute, the brucine crystallizes out in small concentrically 
grouped needles, which are insoluble in excess of ammonia. 

6. Acid carboTiate of sodium precipitates brucine hfim 
neutral solutions of its salts. The precipitate separates 
some time in the form of concentrically aggregated needles cl 
silky lustre, which are insoluble in an excess of the precjpitantj 
but dissolve in free carbonic acid (compare strychnine). Acid 
carbonate of sodium fails to precipitate acid solutions of brucine 
salts j and it is only after a long time, and with escape of car- 
bonic acid, that the alkaloid separates in reguhir and compara- 
tively large crystals, 

7. Strong nitric acid dissolves brucine and its salts to in- 
tensely red fluids, which subsequently acquire a yellowish-red 
color, and turn yellow when heated. Upon addition of 
stannous chloride or sulphide of ammonium to the heated fluid, 
no matter whether it remains concentrated or has been diluted, 
the faint yellow color turns to a most intense violet. 

8. K a little brucine is treated with 4 or 5 drops of strong 
sulphuric acid, a solution of a faint rose color ia obtained, 
which afterwards turna yellow. If 10 or 20 drops of sulphuric 
acid mixed with nitric acid (ace Note p. 201) are now added, 
the fluid transiently acquires a red, afterwards a yellow tint, 
Adtbtion of biuoxide of manganese transiently imparts a red, 
then a gamboge tint to the fluid. If the fluid is then, with 
proper cooling, diluted with 4 parts of water and mixed with 
ammonia to alkaline reaction, a golden-yellow color is formed 
(J. Erdmanu), 



» 
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9. Chlorine water gives a bright red color to solutions of 
brucine salts. If ammonia is then added, the color changes 
to yellowish brown. 

10. Sulphoa/anide of potassium produces in strong solu- 
tions immediately, in dilnte solutions after some time, a 
granular crystalline precipitate, which, under the microscope, 
appears composed of variously aggregated polyhedral crystal- 
line grains. Friction promotes the separation of the pre- 
cipitate. 

11. Mercuric chloride produces a white granular precipi- 
tate, whicb, under the microscope, appears composed of small 
roundish crystalline grains. 

Veratrlne. 

1, Veratrine appears in the form of small prismatic 
■crystals, which acquire a porcelain -like appearance in the air, 
Or in the form of a white powder, of acrid and burning, but 
not bitter taste. It is exceedingly poisonous. The most 
minute quantity of veratrine is capable of exciting most violent 
sneezing. It is insoluble in water. In alcohol it dissolves 
freely ; but in ether it is not so soluble. It fuses like wax at 
115°, and solidifies on cooling to a transparent yellow mass. 
By cautious heating it may be sublimed unchanged (see Note, 

Some of the salts of veratrine are crystallizable, others 
fdry up to a gummy mass. They are soluble in water, and 
]iave an acrid burning taste. 

3. Potash, ammonia, and the alkali-ne carbonates produce 
solutions of veratrine salts a flocculent white precipitate, 

"which, immediately after precipitation, does not appear crys- 
talline imder the microscope. After a few minutes, however, 
it alters its appearance, and small scattered clusters of short 
prismatic crystals are observed, instead of the original flakes. 
The precipitate does not redissolve in excess of potash or car- 
bonate of potassium. It is slightly soluble in ammonia in the 
cold, but the dissolved portion separates again upon application 
of heat. 

4. A(Ad carbonate of sodium produces the same effect with 
yeratrine salts as with those of strychnine and brucine. How- 
ever, the veratrine separates readily upon boiling, even from 

solntionB. 
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5. Strong nitric acid causes veratrine to agglutiiiate into 
small resinous lumps, whicli afterwards dissolve slowly^ in the 
acid. If the alkaloid is pure, the solution is colorless. 

6. Strong gtdphuric acid also causes vcratrine to a^lutU 
nate into lumps ; but these dissolve with gi-eat readiness to t 
faint yellow Hiiid, the color of which gradua.Ily increases ia 
depth, and changes afterwards to a reddish yellow, and then 
to an intense blood-red. The color lasts two or three hours, 
then gradually disappears. Addition of sulphuric acid con- 
taining nitric acid, or of binoxide of manganese causes no 
great change of color. If the fluid is then diluted with water, 
and ammouia added until the reaction is nearly neutral, a 
yellowish solution is obtained, in which ammonia added in 
excess produces a light-brown precipitate. (J. Erdmann.) 

7. If veratrine is dissolved in strong hydrochloric add, a 
colorless fluid is obtained, which by long boiling acquires an. 
intensely red tint, permanent on standing. The reaction ia 
very delicate, and occurs not only with the perfectly pure 
veratrine but with the ordinary commercial alkaloid, (Trapp.) 

8. Sulphocyanide of potassium produces only in 
trated solutions a floccu lent- gelatinous precipitate. 

9. Chlorine water added to solutions of salts of veratrine, 
gives a yellowish color, which turns to a faint brown on addi- 
tion of ammonia. In concentrated solutions, chlorine pro- 
duces a white precipitate. 

Although salicine is not an alkaloid, its reactions may find 
a place here. 

Salloine. 

1. Salicine appears either in the form of white needles and. 
scales of silky lustre, or, where the crystals are very s 
a powder of silky lustre. It has a bitter taste, is readily 
soluble in water and in alcohol, but is insoluble in ether. 

3, No reagent precipitates salicine as such. 

3. If salicine is treated with strong sulphuric add, it 
agglutinates into a resinous lump, and acquires an intenso 
blood-red color, without dissolving in the acid; the color of 
the acid is at first unaltered. 

4. If an aqueous solution of salicine is mixed with hydrt 
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ric acid or dilute sulphuric acid and boiled for a short time, 
fluid suddenly becomes turbid, and deposits a fine granular 
{talline precipitate (saliretine). If to the mixed fluid and 
iipitate a drop or two of chromate of potassium is added^ 
the whole is boiled, the saliretine acquires a fine red 
T, while the fluid turns green from reduction of the chromic 
(Bouxlier.) 
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THE VOLATILE ALKALOIDS. 

The volatile alkaloids are moat easily reeogmscd when isolated. 
They are isolated by distilling with potash, neutralizing the 
distillate with oxalic acid, evaporating, taking up the residiie 
with alcohol, evaporating, treating with water, shaking with . 
potash and ether, pouring off the ethereal solution, and allow- 
ing it to evaporate spontaueoualy. 

The two alkaloids are distinguished from each other chiefly, 
by their odor, their solubility in water, and their bebavion^ 
with chlorine water, with chloride of platinum, and wili 



THE NON- VOLATILE ALKALOIDS. 

Group IL 

To separate the three members of this group from each, 
other, the aqueous solution is mixed with excess of ammonia^, 
and shaken with ether ; the ethereal solution is then poured 
off. The cinchonine is left in the aqueous fluid ; the narco- 
tiuc and quinine dissolve in the ether. The ethereal solutioQ. 
is evaporated, the residue dissolved in hydrochloric acid» 
diluted to contain -5 per cent, of the alkaloids, and mixed 
with acid carbonate of sodium. The narcotine is precipitated, 
while the quinine remains in solution. By filtering, evapo- 
rating the solution, and treating the residue with water, the 
quinine is left behind in the pure state.* 

* If it ia wanted to separat* quinine not only irom cinohonine, Trat al 
&om the other bark alkaloids (a quinidine, ^ quinidine, y quiiiiduie a. 
cinchonidine), this prooeas witk ajmnonia and ether ia inadequate. Bin 
Home of these other alialoids are pretty freely aoluhle in ether (Kerna 
Zeitachr. f. anal. Ohem., 1, 150). Kemer gives a process baaed on the fad 
that the quinine thrown down by ammonia from a solution of the sulphali 
requirea leaa ammonia to rediaaolve it than all the other bark alktuoidr 
For the aeparation of qninino from quinidine nee also Schwarzer (Op, cii . 
i, 129) ; and for the separation of the bark alkaloida ia general see vaai 
der Burg (Op. cit„ 4, 273). 
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Group III, 

Strychnine may be separated from bnieine and veratrine by 
baolute alcohol, in which it is insoluble, and brucine and 
eratriue are readily soluble, Bruciiie and veratrine are not 
uily aeparatcd from each other, but may be "detected in the 
((eseiice of each other. 

The identity of strychnine ia heat established by the re- 
rtion with sulphuric acid and an oxidizing agent,* by the 
mn of its crystals when thrown down by alkalies, and seen 
bder the microscope, and hy the form of the precipitates 
ith aulphocyanide of potassium and mercuric chloride. 

The identity of brucine is best established by the reactions 
rith nitric acid and stannouB chloride or sulphide of am- 
ionium, or by the form of the crystalliuc precipitate produced 

Veratrine ia suiEeiently distinguished from brucine and 
[om all the other alkaloids mentioned, by its characteristic de- 
drtment at a gentle heat, and also by the form of the precipitate 
rodaeed by alkalies. To distinguish veratrine in presence of 
rueine, the reaction with strong sulphuric acid or with hydro- 
jiloric acid ia employed. 

IsTacTioN OF One of the Five Poisonous Alkaloids 
(Morphine, Narcotise, Strychnine, Brucine, Vera- 
trine), WHEN Present in the Pure State, and in the 
Solid Form. {J, Erdmann.) 

Treat the substance with 4 or 5 drops of pure strong sul- 
iric acid. 
A yellow color, soon changing to red, Veratrine, 
A rose color, changing gradually to yellow, Brdcine. 
(Morphine, narcotine,t and strychnine if pure, give no 
color to sulphuric acid). 

No matter whether there is color or not, add to the fluid 

Aniline shows somewliat aimilar reactions when treated with snl- 
inric acid and oridizing agents. It at first givB% a pale greeu color, 
lioh tarns gradually to a niagniliccnt blue, and finally, after aome time, 

Bact. 

1 f Hnaemaon says that many narcotinea do color aulphuric acid. 

■--p, 205, 5. 
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obtained in 1, from 10 to 20 drops of strong sulphuric acid 
containiDg nitric acid (see note, p. 204), then 2 or 3 drop] 
of water. After twenty or tliirty minutea, the fluid shows 
A violet-red color. Morphine, 
An onion-red color. Narcotise. 
A yellow color (after a transient red). Brucine. 
With Veratrine the red color of the sulphuric acid solu- 
tion ia not materially altered. 
With Strychnine no coloration is observed, 

3. Put into the iluid obtained in 2, whether colored or not, 
4 or 5 clean fragments of binoside of manganese, of the size 
of a lentil. After an Lour the fluid shows 

A mahogany color. Morphine. 

A yellowish-red to blood-red color. Narcotine. 

A deep onion-red color (after a transient purple violet). 

Strychnine, 

A gamboge color {after a transient red). Brdcine, 

A dark cherry-red color. Veratrine. 

4. Pour the colored fluid obtained in 3, into a test tube con- 
taining four times the volume of water, and add ainm.oma tiB. 
the acid is almost neutralized. (Heat must be avoided i 
much as possible in these operations,) 

A dirty yellow color, changing to brownish-red upon aupa-< 

saturation with ammonia, without immediate deposition 

of a notable precipitate. Morphine, 

A reddish coloration ; upon supersaturation with ammonia,, 

a copious dark-brown precipitate. Narcotise. 

A violet purple color, turning yellowish-green to yellow oi 

supersaturation with ammonia. Strychnine. 

A golden yellow color, not materially changed by excess c 

ammonia, Brdcinb. 

A faint brownish color, turning yellowish upon BupersatiK 

ration with ammonia, a light brown precipitate being de 

posited, Veratrine. 

Detection o? one op teb Non-volatile Alkaloids, ob t 
Salicine, when pbksent in an Aqueous Solutim 
alone. 

1. Add dilute potash, drop by drop, to a portion of th 
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Ltioiij until the fluid acquires a scarcely perceptible alkaline 
■ction ; stir, and allow to stand some time. 

No precipitate is formed. Absence of altaloids, probable 
presence of salicine. Test the original substance with 
strong sidplmric acid, and also with hydrochloric acid. 
A precipitate is farmed. Add potash, drop by drop, till 
the fluid is strongly alkaline. 

The precipitate redissolves. Moephine. Confirm by 
testing a portion of the original substance with iodic 
acid, and another portion with sulphuric acid &c. 
The precipitate remains undissolved. Presence of an 
alkaloid of Group II, or III. Pass on to 2. 

2. Add to a second portion of the original solution 2 
or 3 drops of dilute sulphuric acid, then a saturated solu- 
tion of acid carbonate of sodium, until the acid reaction is just 
destroyed ; well rub the inside of the vessel, and allon" to 
stand for half an hour. 

No precipitate is formed. Absence of narcotine and cin- 
chonine. Pass on to 3. 

A precipitate is formed. Narcotine, cinchoninCj or per- 
haps quinine. To a portion of the original solution add 
ammonia in excess, then some ether, and shake. 

The precipitate formed by the ammonia redissolves in 
the ether. Narcotine or quinine. Test a fresh por- 
tion of the original solution with chlorine water and 
ammonia. If the solution turns green, quinine is 
present ; if yellowish -red, nahcotine is present. Con- 
firm for the latter by testing with sulphuric acid 

raised with nitric acid. 

The precipitate formed by the ammonia does not redis- 
I iohe in the ether. Cinchonine. Confirm by ferro- 
cyanide of potassium. 

Put a portion of the original substance, or of the 
I Tesidue remaining upon the evaporation of the solution, on a 
I iratch-glass, and treat with strong sulphuric acid. The solu- 
I tiou obtained is 

rose-colored, and becomes intensely red on addition of , 
nitric acid. BaticiNE. Confirm with nitric acid and 
stannous chloride. 
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YeUow, and turns yellowist-red, blood-red, and final 
crimson. Vekatrine. 
Colorless, and reraaina so after long-standing. Add a 
fragment of chroraatc of potassium. A deep blue coloB 
indicates stbychkine ; no change indicates quiniki.1 
Confirm the result by chlorine water and a 



1 



Detection op the Non-volatile Alkaloths and Salicise \ 

WHEN FBE8ENT IN AN AqUEOCS SOLUTION TOGETHER. 

1. To a portion of the solution add dilute potash, drophy 
drop, until the fluid acquires a scarcely perceptible alkaline 
reaction ; stir, and allow to stand for some time. If noprecipi- 
tate is formed, alkaloids are absent ; pass on at once to 2. Ij 
a precipitate is formed, add some more potash, drop by drop, 
till the reaction is strongly alkaline. (If the precipitate is 
completely redissolvcd, morphine is the only alkaloid present ; 
test the original solution with iodic acid, and with sulphuric 
aeid, &c. ; and then pass on to 2.) Filter. 

The filtrate. Saturate with carbonic acid, add acid 

carbonate of sodium, boil nearly to dryness, and treat 

with water. If an insoluble residue remains, mokfbink 

is indicated. Test with iodic acid and sulphuric acid, &c. 

The precipitate. Wash with cold water, dissolve in a slight 

excess of dilute sulphuric acid, add acid carbonate of 

sodium till the acid reaction is neutralizedj rub the sides 

of the vessel well, and allow to stand one hour. Filter. 

The filtrate. Boil nearly to dryness, and treat with c( 

water. If an insoluble residue remains, wash it witi 

water, dry on the water bath, and digest with absolute 

alcohol. Filter. 

ThefiUrate. Evaporate to dryness and divide into. 
three parts. 

I. Test for brdcine with nitric acid and stan- 
nous chloride. 

3. Teat for veratrine with strong Biilpliiu; 
acid. 

3. Test for traces of quinine with chlorine wati 
and ammonia. If brucine has been found, dis- 
solve 3 in hydrochloric acid, add ammonia and 




dis- 
and 1 
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ether, allow to stand some time, evaporate the 
ethereal solution, and then examine the residue 
with chlorine water and ammonia. 
Tlte residue, Prohably consists of stktchninb. 
Teat with sulphnric acid and chromate of po- 
tassium. 
The precipitate. Wash with cold water, dissolve in a 
little hydrochloric acid, add escess of ammonia, then 
some ether, and shake. Separate the clear ethereal 
solution from the aqueous fluid and precipitate. 

The ethereal solution. Evaporate, dissolve in a 
little hydrochloric acid, add water till the solution 
contains not more than '5 per cent, of alkaloids, 
then acid carbonate of sodium to neutralization, 
and allow to stand some time. Kltcr. 

The filtrate. Evaporate to dryness, and treat 
with water. If an insoluble residue remains, 
wash, dissolve in hydrochloric acid, and test 
for QDiNiNE with chlorine water and am- 
monia. 

The precipitate. Test with chlorine water and 
ammonia, and with sulphuric acid and nitric 

acid for NARCOTINE. 

The aqueous fluid and precipitate. Collect the 
precipitate on a filter and examine it for cincho- 
NiNE with ferrocyanide of potassium. 

si. Mix a portion of the original solution with hydro- 
oric acid and hoil for some time. A precipitate indicates 
jciKE, Confirm by strong sulphuric acid. 
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ORGANIC ACIDS, OF COMMON OCCURRENCE. 

Adda which are precipitated by Nitrate of Silver in presence 
of Nitric Acid. 

Hydrocyanic acid, 
Hydroferrocyanic acid. 
Hydroferricyanic acid. 

Adds which are precipitated by Chloride of Caldumfro 

Neutral Solutions. 

Osalic acid. 
Tartaric acid. 
Citric acid. 

Volatile Acid, 
Acetic acid. 



Kydro cranio Add. 

1. Nitrate of silver produces a wliitc precipitate of cyaniJe I 
of silver (AgCy), which is readily soluhle in cyanide of pota 
siutn, rather difficultly soluble in ammonia, and insoluble i 
dilute nitric acid. The precipitate is decomposed by igoitio 
leaving silver and paraeyauide of silver. 

3, If ferrous sulphate and a little /erric chloride are adds 
to a solution of a cyanide acidified with hydrochloric acid, i 
change takes places but if potash is now added, a bluish^ 
green precipitate forms, which consists of a mixture of Prussian 
blue [Fe^{CygFe)j] and ferroferric hydrate. Upon warming, 
and adding hydrochloric acid, the hydrate of iron dissolvea, 
while the Prussian blue remains. In the presence of onlyj 
traces of hydrocyanic acid the fluid simply appears green s 
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3 addition of the hydrocUoric acid, and it ia only after long 
inding that a trifling blue precipitate separates. 

If a liquid containing a little hydrocyanic acid or 

!kaline cyanide ia mixed with enough yellow sulphide of 

I to give it a yellow tint, then with a little ammonia, 

r&nd the mixture ia warmed in a porcelain dish until it has 

r become colorless, and the excess of sulphide of ammonium is 

' decomposed or volatilized, the fluid containa now sulphocyanide 

of ammonium. The reaction which takes place may be thus 



(NHJjS . S + HCy=NH^CyS + NH,HS. 

On acidifying with hydrochloric acid (sulphuretted hydrogen 
should not be disengaged), and adding ferric chloride, the 
well-known blood-red color will be obtained. This reaction 
is very delicate. If an acetate is present the color is not 
obtained till more hydrochloric acid is added. 

This test maybe applied to insoluble cyanides as follows: — 
Fuse some hyposulphite of sodium in the loop of a platinum 
wire till the water of crystallization has escaped and the mass 
swells out, dip it in the substanccj heat for a little time, re- 
moving it from the flame as soon as the sulphur begins to 
burn, and then dip the mass in a few drops of ferric chloride, 
mixed with a little hydrochloric acid. A permanent blood- 
red color will be produced. If the substance is heated too 
long the reaction fails, za the sulphocyanide of sodium formed 
ia then destroyed again. Thia method is well adapted to dis- 
tinguish chloride, bromide, or iodide of silver from cyanide 
of silver. (A. Prohde.) 

Neither of the above methods will detect cyanogen in 
Wmercuric cyanide. If the mercury is removed by sulphuretted 
lydrogen, hydrocyanic acid will be formed, and may be 
■ readily found. The sohd salt may be heated in an ignition 
I tube, when cyanogen wiU be evolved, and may be recognised 
[by its odor aud by its burning with a crimson flame. 

Hrdroferroo^anlc Acid. 

Nitrate of silver produces a white precipitate of ferro- 
■(^anide of silver {Ag^CyjFc), which is insoluble in nitric acid 
lnod ammonia, and dissolves in cyanide of potassium. 
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2. Ferric chloride produces a precipitate of Prussian blae 
[Fe,{Cy,Fe)J. 

3. Sulphate of co/jper produces a brownish-red precipitate 
of ferrocyanide of copper (CujCygPe). 

4. if an alkalioe ferrocyanide is mixed with hydrocMont 
acid, aud some elher is added, hydroferrocyanic acid separates 
where the two fliuds meet in a crystalline form. 

5. Insoluble ferrocyanides are decomposed by being boiled 
with potash ; ferrocyanide of potassium being formedj aud the 
metallic oxide separated if it is insoluble in potash, 

6. When ferrocyanides are heated with a mixture of I' 
three parts of strong sulphuric acid and one part of water till \ 
the free acid is driven off, they are decomposed, the cyanogen t' 
being evolved as hydrocyanic acid and the metals remaining i 
as sulphates. I 

7. On projecting a ferrocyanide into fusing nitre, carbonic 
acid aud nitrogen are evolved, while the metal is left | 
behind in the form of oxide. ] 

Hfdroferri cyanic Acid. 

1. Nitrate of silver produces an orange colored precipitate 
of femcyanide of silver (AggCygFe) which is insoluble in nitric 
acid, but readily soluble in ammonia and cyanide of potassium. 

2. Ferric chloride does not produce a blue precipitate. "fl 

3. Ferrous sulphate produces a blue precipitate of fenon^| 
ferricyanide [Fe3(CygFe) J . V 

4. Sulphate of copper produces a yellowish green preci^^ 
tate of ferricyanide of copper [Cuj(CyjFc)j], which ia insoluble I 
in hydrochloric acid. J 

5. Insoluble ferricyanides are decomposed by being boilefl 
with potash. The solution filtered from the metallic oxid^f 
contains only ferricyanide of potassium, or a mixture of feno^l 
cyanide and ferricyanide of potassium, H 

6. By heatiug with a mixture of three parts of strong sii^| 
phuric acid and one part of water, the ferricyanides are defl 

1 lilie the ferrocyanides. ■ 

By fusing with nitre the ferricyanides are decomposedH 

like the ferrocyanides. H 

Oxallo Acid. H 

1. Chloride <tf calcium produces a white pulverulent pmfl 
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pitate of oxalate of calcium (CaC^O^ + aq, and occasionally 
aCjO^+Saq.) whicli is as good as insoluble in water, almost 
ksoluble in acetic acid and oxalic acid, readily soluble in 
^drochloric acid and nitric acid. Ammouiutn salts do not 
I the least hinder tbe formation of the precipitate. Ammonia 
liTors the precipitation of free oxalic acid. In very dilute 
alutions the precipitate takes some time to form. 

2. Lime water produces the same precipitate. 

3. Sulphate of calcium produces the same precipitate. 

4. If a dry oxalate is heated with strong sulphuric acid, a 
poixture of carbonic acid and carbonic oxide escapes with 
effervescence. The carbonic oxide may be lighted as it escapes 
from the mouth of the test-tube. The sulphuric acid is not 
»lored during this reaction. 

an oxalate is mixed with finely powdered binoxide of 
inanganese (free from carbonic acid) and to the mixture a 
little water and strong sulphuric acid are added, an efferves- 
mce will occur due to the escape of carbonic acid, thus 
KaCaO^+MnOs + 2HjSO,=K3SO^+MnSO^+2H30+3COj 

Tartaric Acid. 

1. Chloride of calcium added in excess to neutral tar- 
throws down a precipitate of tartrate of calcium 

(CaC^HjOg + iaq.). Ammoniacal salts retard the formation 

of this precipitate. Agitation of the fluid or friction on the 
ide of the vessel promotes the separation. The precipitate 
B crystalline, or invariably becomes so after a short time. It 
lisBolves in cold potash pretty free from carbonate to a clear 
luid; but on boiling the solution, the tartrate of calcium 

Separates in the form of a gelatinous precipitate, which redis- 

Bolves on cooling. 

2. Lime-water added in excess to neutral tartrates pro- 
duces the same precipitate. 

Sulphate of calcium added in excess produces a trifling 
precipitate in solutions of neutral tartrates of the aliali metals 
,«fter the lapse of some time. 

Acetate of potassium and free acetic acid produce a 
sparingly soluble precipitate of acid tartrate of potassium 
(KHC^H^Oj). The separation of the precipitate is greatly 
promoted by shaking or rubbing with a glass rod. The solu- 
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tion should be atrong. The precipitate dissolres readily n 
mineral acids and alkalies; neither tartaric nor acetic aai^ 
increase its sulubility in water. 

5. Acetate of lead produces in Bolutions of tartaric aai I 
and of neutral tartrates a precipitate of tartrate of leiil 
{PbC,H^O^, which is readilj soluble in nitric acid aaim 
ammonia. 

6. Nitrate of silver added to a solntion of a neutral I 
tartrate produces a white bulky precipitate of tartrate of 1 
silver (Ag^CjH^Oj). If to the mixed precipitate and fluid a 
little ammonia is added to redisaolye the precipitate nearly, 1^ 
but not completely, and heat ia applied, a mirror of silver will 1 
be deposited on the test tube. 

Gltrio Aold. 1 

1. Chloride of calcium added iu excess to neutral citrates 
produces a precipitate of citrate of calcium [Caj(CgH;0-)j], 
which is insoluble iu potash, but readily soluble iu chloride of 
ammonium. On boiling the solution of the precipitate in 
chloride of ammonium, the citrate of lime separates, but it is 
now insoluble in chloride of ammonium. If a solution of 
citric acid is mixed with excess of chloride of calcium, and 
then saturated with ammonia, a precipitate will not form in 
the cold till after long standing ; but if the clear solution b 
boiled, citrate of calcium is immediately precipitated. 

2. lAjne water added in excess produces no precipitate in 
the cold. But if the solution is boiled for a long time with 
moderate excess of hot-prepared lime water, a white precipitate 
of citrate of calcium is produced, which disappears for the most 
part on cooling. 

3. Acttate of lead added in excess to solution of citric 
acid produces a precipitate of citrate of lead [Pb3{CjHjO^)j] 
which, after being washed, is readily soluble in ammonia. ~ 

4. Nitrate of silver added to neutral citrates of the alki 
metals produces a precipitate of citrate of silver (AgjCgHjO.M 
On treating this precipitate in the same manner as the tai 
no mirror is obtained. 

Acetic Acldi 
1. When acetates are distilled with dilute sulphm 
acetic acid passes over with the distiUate. 
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2. When an acetate is heated with strong mlphuric acid, 
etcetic acid escapes and may be recognised by its smell. 

8. When an acetate is heated with a mixture of equal 
volumes of strong sulphuric add and pure spirit of wine, acetic 
ether is evolved, which may be recognised by its very cha- 
racteristic smell. The smell is most distinct upon shaking the 
mixture when it has cooled a little. 

4. Ferric chloride added to an acetate produces a dark-red 
color from the formation of ferric acetate. If excess of ace- 
tate is present, and the fluid is boiled, it loses its color, the 
whole of the iron being precipitated as a basic acetate in the 
form of brownish-yeUow flocks. Ammonia added to the red 
solution of ferric acetate, precipitates the whole of the iron as 
hydrate. Hydrochloric acid added to the red solution de- 
colorizes it. (Here ferric acetate difiers from ferric sulpho- 
cyanide.) 
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Detection of Arsenic and otber BSetala. 

PRBLmiNiET SEAECH FOR iraDISSOLTED ARSENIOUS 
OXIDE. 

Of all the combinations of arsenic this substance is most 
frequently used for criminal purposes. It dissolves in water 
very sparingly and also slowly, as moisture adheres to it with 
difficulty, heucc whcu it has been swallowed the greater por- 
tion usually remains for some time in the undissolved state. 
This undissolved arsenious oside is often readily separable by 
mechanical means, and when separated is most readily 
identified. 

If the stomach or intestines have to be examined, empty 
the contents into a porcelain dish and turn the organs inside 
out. Search the inside coat for white, hard, sandy grains, 
irhich are often found firmly imbedded. Mix the contents in 
the dish as uniformly as possible, put aside one-third for nse 
in case of accident and mix the rest in the dish with distilled 
water, by the aid of a glass rod j let the mixture stand a little, 
then pour off the fluid, together with the lighter suspended 
-jparticlesj into another porcelain dish. Repeat this latter 
/ operation several times, if possible with the same fluid, pouring 
'it from the second dish back into the first, Sec. Finally, wash 
once more with pure water, preferably in a glass dish, remove 
the ^uid as far as practicable, and try whether you can find in 
the dish white hard grains which feel gritty under the glass 
rod. K there are any such grains wash them, dry them on 
blotting paper, or in a watch-glass, weigh them, and test as 
directed p. 42, 3. 

If you have to examine food, vomit, &c., treat it in the same 
manner as the contents of the stomach. 

PEELrMTNABY DIALYTIC EXAMINATION. 

If you have failed in finding undissolved arsenious oxide, it 
may be worth while before proceeding to the regular method, 
to see if any poison can be dialysed out of the matter under 
examination. 

For this purpose digest the two-thirds of the matter (with 
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the addition, if occasioii requires, of two-thirds of the oi^am 
cut small) for twenty-four hours at 32°, and then aabmit it 
to dialysis (see p. 21) also for twenty-four hours. Concentrate 
the dialysate by evaporation on the water bath, then acidify the 
greater portion with hydrochloric acid, treat with sulphuretted 
hydrogen, and proceed as directed p. 233, 2. If a soluble 
compound of arsenic or any other metal is present, the sul- 
phide will be obtained nearly pure. 

If arsenic is found here examine the rest of the conceutratei 
dialysate to see whether it contains arsenious or arsenic acid. 

THE REGULAR METHOD.* 

7^ following method insures the deleciion of the mtTtuiai^ 
amount of arsenic, allows of Us quantitative estimation, owl 
permits at the same time the detection of alt other mefaflk; 
poisojis. 

I. Decoloration and Solution, 

Evaporate the matter to a pasty consistence on the watet 
bathjt add an amount of pure hydrochloric acid sp. gr, I'lS' 
about equal to or a little exceeding the weight of dry sub- 
stances present, and sufficient water to give the mass the con. 
sistence of thin paste. (The quantity of hydrochloric acid 
should never exceed one-third of the entire liquid present.) 
Heat the dish on the water bath, adding every five minutea 
a small quantity (about 2 grm.) of chlorate of potassium ^th 
stirring, until the contents have a light- yellow color and are- 
perfectly homogeneous and fluid ; replace the evaporating water 
from time to time. Add a little more chlorate of potassium^ 
and then allow to cool. WTien quite cold, transfer cautiously; 
to a linen strainer or to a white filter, and allow the whole of 
the fluid to pass through. Heat the filtrate on the s 
bath with renewal of the evaporating water until the smell of 
chlorine has passed off. Wash the residue well with hot 

• This method is eBsentially the aame as that pablished by the author 
and L. v. Babo in 1844, compare Anna!, d. Chem. n. Phann., 49, 308. Thd' 
autior baa repeatedly employed it, and has always found it to work sat' 
factorily. Of course moat Hcmpnlons attention muBt be paid to t 
purity of the reageote. 

t It may now weigh aay 125—250 grm. 
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iter, dry it, mark it I., and put it aside for subsequent esa- 
jiatiou. Evaporate the washings on a water bath to about 

X) c.c. and add tbem, together with any precipitate that 

Lay have formed, to the principal filtrate. 

2. Precipitation with hydrosulphuric acid. 

Transfer the fluid obtained in 1, which amounts to three 
fi» four times the quantity of the hydrochloric acid used, to a 
flaak, heat on a water bath to 70" and pass into it, for about 
twelve hours, a slow current of washed hydrosulphuric acid, 
then, allow to cool, continuing the transmission of the gas all 
the while. Rinse the delivery tube with a little ammonia, 
acidify the rinsings and add them to the principal fluid, cover 
the flask lightly with paper and keep it in a moderately warm 
^ace (at about 30°) until the smell of hydrosulphuric acid has 
early passed off. Filter, and wash the precipitate until the 
'asliings are free from chlorine. Concentrate the filtrate and 
'ashings somewhat, transfer to a flask, add ammonia to alka- 
ne reaction, then sulphide of ammonium, closely cork the 
ask, which should be nearly full, and reserve for subsequent 
Samination according to 9 (p. 238], 

Purification of the precipitate produced by hydrosulphuric 
I acid. 

L The precipitate oljtained in 2 contains the arsenic and other 
■betaU of Groups I. and 11., as sulphides, and probably also 
B^auic matter and free sulphur. Thoroughly dry it with 
■ the filter in a small porcelain dish on a water bath, add pure 
fil min g nitric acid (free from chlorine), drop by drop, till the 
masa is completely moistened, and then evaporate on the 
water bath to dryness. Moisten the residue uniformly aU 
over with pure strong sulphuric acid, previously warmed, heat 
for two or three hours on the water bath, and finally in the 
air or paraffin bath at about 170°, until the charred mass is 
friable, and a small portion of it — to be returned afterwards to 
the mass — when mixed with water, and then allowed to sub- 
side, gives a colorless fluid. Should the fluid standing over 
the sediment show a brownish tint, or should the residue, 
instead of being friable, consist of a brown oily liquid, add to 
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the mass some cuttings of Swedish filtering paper, and con- 
tinue the application of Leat.* Warm the residue on the 
water bath with a mixture of 1 part of hydrochloric acid and 
8 parts of water, filter, wash the undissolved part thoroughly 
with hot water containing a little hydrochloric acid, and add 
the washings, after concentration if necessary, to the filtrate. 
Dry the washed carbonaceous residue, mark it II., and set it 
aside for subsequent examination. 

4, Second precipitation with hydrositlpfmric acid. 
The clear and colorless, or at most somewhat yellowish, BuU 
obtained in 3 contains all the arsenic in the form of arsenioof 
acid, and may contain also, mercury, copper, bismuth, cad- 
mium, tin and antimony. Supersaturate a small portion 
cautiously with carbonate of ammonium, and observe whether ■ 
precipitate is produced, then acidiiy it with hydrochloric acid 
and return it to the rest. Transfer the fluid to a flask, and 
pass hydrosulphuric acid through it for some time. Uinse th©: 
delivery tube with a little ammonia if necessary, acidify th^ 
rinsings and add them to the principal fluid, cover the flaalt 
lightly with paper and keep it in a moderately warm place (tl 
about 30°) until the smell of hydrosulphuric acid has nea^ 
passed off. 

If the precipitate is pure yellow. Take a small portion a 
the fluid with the precipitate suspended in it, add : 
ammonia, and shake the mixture without warming. I£ 
the precipitate dissolves readily and (with the exception of 
a trace of sulphur) completely, and if carbonate of am* 
mouium gave no precipitate before the passing of flu 
hydrosulphuric acid, arsenic alone is present. If the pre 
cipitate does not dissolve, or if carbonate of ammoniui 
has produced a precipitate, then there is reason to suspeo 
the presence of another metal. In either case acidify th 
portion with hydrochloric acid and return it to the bnlkt 
the fluid and precipitate. 

If the precipitate is not pure yellow. You have to assnm 
the presence of metals other than arsenic. 
Collect the precipitate on a filter and wash it thoroughly, 

• By attending to these djrectiona you wiH alwava Hnoeeed ii_ --^^ 
pletelj destroying the organic matter, without loss oi any of tbe metalf 
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Treatment of the pure hydrosulphuric acid precipitate 
when arsenic is the only metal present. Eslimation of the 
weight of the arsenic. 

I Treat the still moist precipitate on the filter Tpith ammonia, 
ind wash the filter thoroughly with diluted ammonia {nothing 
diould remain nndissolvedj except some sulphur} ; evaporate 
the ammoniacal fluid in a small weighed porcelain dish on the 
■water bath, dry the residue at 100° and weigh. If on subse- 
quent reduction, it is found that this residue consists of pure 
arsenious sulphide, you can readily calculate it into araeniouB 
oxide or into arsenic. 

6. Treatment of the pure hpdrosulphwric acid precipitate when 
a metal otfier than arsenic is present. Separation of the 
arsenic and eslimation of Us weight. 

Perforate the point of the filter containing the stiU moist 
precipitate, wash the contents into a small flask, with the 
amalleat possible quantity of water, add ammonia and sulphide 
of ammonium, and digest at a gentle heat. Filter if neces- 
sary, wash the residue, perforate the filter, rinse off the residue, 
mark it III., and reserve it for subsequent examination. 
Evaporate the filtrate and washings in a porcelain dish to dry- 
ness. Treat with pure fu min g nitric acid (free from chlorine), 
nearly drive off the acid by evaporation, then add cautiously 
solution of carbonate of sodium in excess. Add now a mixture 
of 1 part of carbonate of sodium and 2 parts of nitrate of 
sodium, evaporate to dryness, and heat the residue very 
gradually to fusion, then allow to cool and extract with cold 
water. Filter if necessary, wash the residue with a mixture of 
[ equal parts of spirit and water, mark it IV., and reserve it for 
I subsequent examination. Evaporate the washings to remove 
f alcohol, and mis them with the solution. To the solution 
I (which contains the arsenic as arseniate of sodium), add 
I cautiously pure dilute sulphuric acid in excess, evaporate in a 
I porcelain dish, and when strongly concentrated, add more 
I sulphuric acid, to see whether the quantity first added was 
I sufficient to expel all nitric and nitrous acids. Heat now 
I cautiously till fumes of sulphuric acid begin to escape ; allow 
I to cool, add water, transfer to a small flask, heat to 70° and 
I pass a slow current of washed hydrosulphuric acid for 6 hours. 
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Allow to cool, contjiiuing the transmission of the gas all t! 
while. When the yellow precipitate has completely subsided, 
and the smelt of the gas has nearly passed off, filter, wash t] 
precipitate, dry it, extract the sulphur with bisulphide i 
carbon, dissolve in ammonia, and proceed with the solntica 
according to 5, p. 235. 

7. Reduction of ike sulphide of arsenic. 

The production of metallic arsenic from the sulphide, whid 
may be regarded as the keystone of the whole process, de- 
mauds the greatest care and attention. The method given 
p. 41, 2, which consists in fusing the sulphide mixed with 
cyanide of potassium and carbonate of sodium, in a slow 
current of carbonic acid, is the beat and safest, as it is the 
most accurate, and as it obviates the possibility of any confasioi 
between arsenic and antimony. 

Do not use the whole of the sulphide at once, bo that 
process may be repeated several times if necessary. Shoult 
the quantity of sulphide be too minute to be divided, dissolvi 
it in a few drops of ammonis, 
add a little carbonate of sodium, 
and evaporate with stirring on 
a water bath to dryness ; yon 
can then divide the residue 
into several portions. In such 
delicate experiments as the 
present the evolution flask 
figured p. 41 ahoiJd be re- 
placed by an apparatus which 
admits of the regulation of the 
current ; such an apparatus is 
shown in the margin. Take 
care to drive all the air out 
of the reduction tube, and to 
f^ive the current the proper 
(i(j,'i'cc of force before applying 
■at. 

When the operation is iiiiijlml, cut the reduction tube be- 
tween the mirror aud the mixture, and set aside the part con- 
taining the mirror. Put the other part into a test tube, add 
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water, and let it stand some time; then filter. Add ex- 
cess of hydrochloric a^id to the filtrate, then hydrosulphuric 
acid, and observe whether a precipitate is formed. A trifling 
yellow precipitate will usually form if arsenic was present ; if 
traces of antimony are present the precipitate will be orange- 
colored and insoluble in carbonate of ammonium. Examine 
the metallie residue which may be left for traces of tin and 
antimony, which might possibly he present. Should appre- 
ciable traces of either of these metala be found, proper allow- 
ance must be made for them in calculating the weight of the 



h 8. Examination of the reserved residues for other metala 
W of Groups I. and II. 

Residue I. This may contain chloride of silver, sulphate of 
lead, and possibly also stannic oxide. Incinerate it in a 
porcelain diah, burn the carbon with the aid of some nitrate 
of ammonium, extract the residue with water, dry the part 
left undissolved, and fuse it with cyanide of potassium in a 
porcelain crucible. When the fused mass is cold, extract it 
with water; warm the residue with nitric acid, and proceed 
as in the analysis of alloys. 

ReHdue U. This may contain lead, mercury, tin, and 
possibly also bismuth and antimony. Heat for some time 
with aqua regia, filter, and wash the residue, at first with 
water containing a little hydrochloric acid. Treat the filtrate 
and washings with hydrosulphuric acid, and if a precipitate 
forms, examine it in the way in which a hydrosulphuric acid 
precipitate is usually examined. Incinerate the residue, fnse 
the ash with cyanide of potassium, allow to cool, extract with 

jF&ter, warm the residue with nitric acid, and proceed aa in 

■be analysis of alloys. 

■ Reridue III. Examine for metala of Group II,, Division I., 
in the usual way. 

Residue IV. This may contain tin, antimony and copper. 
Examine as usual. 
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9. Examination of the reserved JtUrale for metals of I 
Group III., especially for zinc, chromium, and thallium. \ 

The fluid filtered from the hydrosiUphuric acid precipitats] 
in 2 and mixed vith sulphide of ammoniiua ahould bej 
filtered. 

The precipitate. May contaiu ferrous sulphide, phosphat 
of calcium, and possibly also sulphide of zinc, sulphide 
thallium, and hydrate of chromium. Wash it with water 
containing sulphide of ammonium, dissolve it by heating 
with hydrochloric acid and a little nitric acid, filter, and 
evaporate the filtrate with some sulphuric acid in a retort 
till the residue begins to be pasty. Test the distillate 
with iodide of potassium and in the spectroscope fat 
thallium, a part of which may have escaped with the 
hydrocldoric acid. Treat the residue in the retort witL 
water, filter, add carbonate of sodium in excess, and then 
excess of cyanide of potassium {free from sulphide), heat 
for some time, and then filter. 
p^. Reserve. 

/j. Add sulphide of anamonium, and filter. 
pj. Test for thallium iu the spectroscope. 
f^. Mis withjOj, evaporate with excess of siilphurio" 
acid till the latter begins to escape, dilute, filtef) 
precipitate with ammonia and sulphide of ammo- 
nium, and test the precipitate for zinc and chro*' 
mium in the usual way. 
The filtrate. May contain a portion, and indeed the whole 
of the chromium. Evaporate to dryness, incinerate, 
with 3 parts of chlorate of potassium and 1 part of car- 
bonate of sodium, and project the mixture gradually into 
a red-hot crucible. If chromium is present the aqueooB 
extract of the mass will be yellow. 

Detection of Bydroojanlo Aoldi 

This method leaves the substance fit to be examined for metalUC 
poisons and alkaloids. 

In this case it is necessary to proceed with expedition, 
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lydrocyanic acid in contact with decaying animal or vegetable 
natter is liable to be soon decomposed.* 

In the following process we separate the hydrocyanic acid 
iy distilling the acidified matter. Now, if the matter contains 
the non-poiaonoiis ferrocyanide or ferricyanide of potassiuin, 
they wonld be decomposed in this treatment, and hydrocyanic 
icid would be found in the distillate. Hence it is necessary 
irat to ascertain whether cither of these salts is present. To 
this end, stir a portion of the matter with water, filter, acidify 
irith hydrochloric acid, and test one portion with ferric chlo- 
icide, and another with ferrous sulphate. If no blue precipitate 
r color is produced in either case, you may safely proceed. 

Teat the reaction of the matter, if necessary, after stirring it 
^th water. If it is not strongly acid, add solution of tartaric 
»cid until it is. Then distil from a chloride of calcium bath, 
with the ueck of the retort directed upwards and connected 
with a Liebig'a condenser. Let the matter boil gently, and 
coUect the distillate in a small weighed flask. When about 
15 c.c. have passed over, replace the receiver by a somewhat 
larger flask, also weighed. Weigh the coutents of the first 
receiver uow, and proceed as follows : — 

Test one quarter of the distillate according to p. 222, 

Test another quarter of the distillate according to p. 223, 3. 
Aa the distillate may contain acetic acid, the precaution to be 
adopted in presence of acetates must not be forgotten. 

If hydrocyanic acid has been found, and you wish to deter- 
mine its quantity approximately, continue the distillation until 
the distillate is free from hydrocyanic acid. Add half of the 
contents of the second receiver to the remaining half of the 
contents of the first, and distil with some powdered borax,t 
leaving only a small residue in the retort. Add nitrate of 
silver to the distillate, and then nitric acid till strongly acid. 
Allow the precipitate to subside, collect it on a weighed filter, 
wash, dry at 100°, and weigh. 

• However, it is BOme time before the whole of the acid ia lost. Thna, 
I Huceeeded in separating a notable quantity from the stomach of a, man 
whoBO intestinea were not handed to me till 36 hours after death. Again, 
a dog was poisoned with a small quantity of the acid, and the contents of 
tie stomach, mixed with the blood, were left for 24 hours exposed to an 
iutenae Bummer heat, and then examined ; the acid was Btill detected. 

f The ohject of the distillation with borax is to separate any hydro- 
chloric acid that may be present. 



240 DETECTION OF POISONS IN BODIES, KIOD, STC. 

By multiplying the quantity of cyanide of silver found \ 
■2017, you will find the corresponding anaount of anhydrmj 
hydrocyanic acid. And by multiplying this again by S 
only half the distillate was used — yon will find the tot> 
quantity of hydrocyanic acid in the matter examined. 

Detflotton of Pbosphoms. 

PEELIMINABY EXAMINATION. 

1. Notice whether the matter smells of phosphorus, or i) 
luminous in the dark, taking care at the same time to bring i 
thoroughly into contact with the air by stirring or shaking. 

2. If phosphorus has not been indicated in 1, put a littl* 
of the matter into a flask, suspend in the latter, by the aid o 
a loose cork, a slip of filtering paper moistened with nitrate a 
silver, and heat to 30° or 40°. If the paper does not turn blad^ 
even after some tinae, no unoxidized phosphorus is present, an^ 
it will be useless to proceed to the regular examination, li, 
on the other hand, the paper turns black, this is no poaitivft 
proof of the presence of unoxidized phosphorus, since hydro. 
sulphuric acid,* formic acid, putrifying substances, &c., viH 
produce this effect. 

THE REGDLAB, EXAMINATION. 

For this, one of the two following methods may be used. 

Method If 

Mix the matter with water and some sulphuric acid, ai 
distil slowly in a flask with a Liebig'a condenser. If the- 
matter contains phosphorus, a strong luminosity, usually 
luminous ring, will appear iu the dark in that part of the. 
inner tube of the condenser which is first cooled. K you take 
for distillation 150 c.c. of a mixture containing only 1'5 nigrmi 
of phosphorus, and accordingly only 1 part of phosphonu 
in 100,000 parts, you may distil over 90 c.c. — which will 
take at least half an hour — without the luminosity ceasing. 
Mitacherlich, in one of his experiments, stopped the distillation 

• To aficertain whether the blackening is canaed by hydrosnlphuriw 
aoid, yon mav teat with, a, stnj) of paper moistened with acetate of lead. 
t E. MititWlich, Joora. i:prakb. Cbem., G6. 238. 
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fter lialf an hour, allowed tlie flask to stand uncorked for a 
fortniglit, and then recommenced the distillation j the lumi- 
bosity waa as strong as at first. 

In the presence of substunces which prevent the lumioosity 
f phosphoms, such as alcohol, ether, or oil of turpentine, no 
luminosity is observed so long as these substances continue to 
distil over. In the case of ether and alcohol, however, this is 
■oou effected, and the luminosity accordingly very speedily 
makes its appearance; but it is otherwise with oil of tnrpen- 
line, which completely prevents the manifestation of this re- 
action. 

After the termination of the process, globules of phosphorus 
are found at the bottom of the receiver. Mitscherlich ob- 
tained from 150 c.e. of a mixture containing 20 mgrm. of 
phosphorus so many globules of that body, that one-tenth of 
them would have been amply sufficient to demonstrate its 
Presence. 

Method II. 

Put the matter in a flask, add water if necessary, and then 
ne dilute sulphuric acid to acid reaction. Connect the 
flask on one side with a carbonic acid apparatus by means of 
a tube leading to the bottom of the flask, and on the other 
aide with a U tube containing solution of nitrate of silver. 
Pass a slow stream of washed carbonic acid. Wben the air is 
driven out, heat the flask on a water-bath gently, and continue 
the passing of the gas and the warming of the flask for several 
hoars. If free phosphorus is present, it will volatilize un- 
oxidizcd in the current of carbonic acid, and will be conyerted 
in. the U tube into black insoluble phosphide of silver, and 
into phosphoric acid. If no precipitate forms you may safely 
conclude that no unoxidized phosphorus is present. If a pre- 
'fflpitate does form, it must not be taken as an indication of 
iphosphorua, but both it and the fluid in which it is suspended 
taust be examined as follows : — 

Filter through a filter washed with nitric acid and water, 
id wash the precipitate with dilute nitric acid and water. 
The firecipilale. For the examination of this we require 
the following apparatus, 

a is for evolving hydi'ogen, b contains pumice moistened 
with strong potash, c is a common clip, rf a screw-clip, 
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and e a platinum jet,* which is kept cool by means o 
moistened wool or cottoa. 




To ascertain whotlitT the hydrogen is free from phos- 
phuretted hydrogeu, after the air has been driven out, 
close c until the fluid in a has ascended to /. Close d, 
open c, and regulate d so as to obtain a flame of suitable 
size. If the flame, viewed in a dark place, is colorless, 
showing no trace of a green cone in the centre, and no 
emerald coloration if directed upon a piece of porcelain (as 
in Marsh's test), then the hydrogen may be considered 
pure. 

Rinse the precipitate with water into/, take care that 
every particle of it reaches «, allow a to fill with gaa, and i 
then light it again and observe the flame. If the pro* J 
cipitate contains even a trace of phosphide of silver, thej 
green cone in the centre of the flame, and the emeralttfl 
coloration when the flame impinges on porcelain, will bfl* 
visible. 

The filtrate. Precipitate the silver by hydrochloric aadJ 
fllter through a paper well washed with acid and waterJ 
evaporate off the hydrochloric acid, take up with nitriel 

isal)le for the production of & colorleKfl 
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acid, and test for plioaphoric acid with molybtlate of 
ammonium. 

By this method, Neubauer and the author obtained the 
deareat evidence of the presence of phosphorus in a large 
quantity of putrid blood mixed with the compositiou from a 
common match ; and this eron in the presence of aubstances 
which prevent the luminosity of phosphoruB iu Method I. 

ESTIMATION OP THE PHOSPHORUS. 

TtiB is best effected by distilling the mass, acidified with 
sulphuric acid, in an atmosphere of carbonic acid. Most of 
the phosphorus, if there is any quantity, will be obtained in 
the receiver in the form of small globules, which may be 
washed with alcohol and weighed. 

I Detection of AlkfUolda. 



Some alkaloids may he more or less liable to decomposition 
the organism. There seems to be no doubt for instance 
I that morphine is thus decomposed, as the following experiment 
ahowB. A rabbit had ■! grm, of hydrocblorate of morphine 
given to it, and was killed 3J- hours afterwards ; no morphine 
was found in the urine, brain, and spinal marrow, only very 
little in the blood, a little in the stomach and small intestines, 
more in the other intestines. 

STAS'S METHOD. 

Slas enumerates Ike following alkaloids as discoverable by 
I this method — conine, nicotine, aniline, picoline, petinine, mor- 
phine, codeine, brucine, strychnine, veratnne, colchicine, delphine, 
■ emetine, solanine, aconitine, atropine, kyoscyamine. 

If yon have to look for alkaloids in the contents of the 
stomach or inteatinea or in articles of food, heat the matter 
■with twice its weight of strong alcohol acidified with 1 or 
2 grm. of tartaric or oxalic acid at a temperature of 70° or 75°. 
"When quite cold, filter, and wash the undissolved part with 
strong alcohol, adding the washings to the filtrate. 

If you have to deal with the heart, liver, lungs or similar 
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orgaua, rut them small, muistcii with acidified alcohol, 
and repeat the operation, until the soluble parts are com' 
pletely extracted; collect the fluids obtained and filter. 

Concentrate the alcoholic fluid at a temperature not es- 
ceeding 35°, and if no insoluble matter separates, continue t» 
evaporate nearly to dryness. Conduct this process either 
under a bell-glass over sulphuric acid, or in a tubulated rei 
tort, ihrough which a current of air is passed. If fatty (i 
other insoluble matters separate in the process of concentration, 
pass the concentrated fluid through a moistened filter, and 
evaporate the filtrate nearly to dryness, conducting the process 
as above either uudcr a bell-glass or in a retort. 

Digest the residue with cold absolute alcohol, filter, wash 
the insoluble part with alcohol, and let the alcoholic solution 
evaporate in air or in vacuo ; dissolve the acid residue in ft 
little water and add acid carbonate of sodium as long ; 
effervescence ensues. 

Add to the mixture four or five times its volume of pur& 
ether, free from oil of wine, and shake ; then allow to stand. 
at rest. 

Transfer a small quantity of the supernatant ether to ft 
watch-glass and allow it to evaporate spontaneously. If oilf 
streaks are left, which gradually collect into a drop, and emit^ 
upon being gently heated, a disagreeable, pungent and stifling 
odor, there is reason to infer the presence of a volatile haaei 
If a solid residue or a turhid fluid with solid particles sus- 
pended in it is left, a non-volatile base is probably present 
In the latter case the base may emit a disagreeable animal' 
smell, but not a pungent odor, as is the case with volatile 
bases. If no residue is left, to the rest of the fluid add somB 
potash, and shake with repeatedly renewed ether which wiH' 
now dissolve the base. 

Now proceed as follows according to the results of this pre* 
liminary examination. 

If there is reason to infer the presence of a volatile base. 

To the mixture of aqueous solution and ether add 1 or 3 
of strong potash, shake, allow to stand at rest, pour oflF thft 
supernatant ether, and treat the watery fluid with fresh ether 
three or four times, till the last portion poured off leaves no 
residue on evaporation. Mix the ethereal solution with diluti 
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iolphitric acid until the fluid after being well shaken manifeata 
iitrongly aeid reaction ; allow the mixture to stand at reat, 
decant the supernatant ether, and treat the aqueous fluid once 
jnore in the same way. 

The aqueous solution contains sulphates of ammonia, nico- 
tine, aniline, picoline, and petinine if they are present, 
and the greater part of the conine. Mix it with strong 
potash in excesa, and treat with ether which will redia- 
solve the liberated bases. Decant the ether, and leave it 
to spontaneous evaporation at the lowest poaaible tempera- 
ture ; then place the dish in vacuo over sulphuric acid. 
In this process the ether and ammonia escape, leaving the 
volatile alkaloid in the pure state. 

T%e ethereal solulion contains the animal matters which it 
has removed from the alkaline fluid. It leaves therefore 
upon spontaneous evaporation, a faint yellow residue of 
nauseous odor, which contains also some sulphate of conine 
if that base was present. 

ff there is reason to infer the presence of a non-volatile base. 
Pour off the ether from the mixture of aqueous solution and 
ether, add a few drops of alcohol to it, and leave it to spon- 
taneous evaporation. K this fails to give the base in a dis- 
tinctly crystalline form and sufficiently pure, add a few drops 
of water slightly acidified with sulphuric acid, which will 
usually serve to separate the residue into a fatty portion ad- 
hering to the dish, and an acid aqueous solution, which con- 
tains the base as an aeid sulphate. Decant or fllter, wash 
with a little slightly acidified water, and evaporate the solu- 
tion to a considerable extent, under a bell-glass over sulphuric 
acid. Mix the residue with a very strong solution of pure 
carbonate of potassium, treat the mixture with absolute alcoliol, 
Recant, and let the alcoholic fluid evaporate, which will 
generally leave the base in a state of almost perfect purity. 

OTTO'S MODIFICATIONS OP STAS'S METHOD. 

1. In the method just described, the morphine which may 
be present will only pass into the ethereal solution if, after the 
addition of the acid carbonate of sodium, the solution is 
immediately shaken with ether, and the ether ia then quickly 
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decanted. But if the operation of shaking witt ether is de- 
layed, BO as to give the morphine time to crystallize, the 
crystals will deposit, being almost absolntely insoluhle ia 
ether. Again, if the morphine has dissolved in the ether, and 
the solution is allowed to stand some time, the morphine will 
separate in small crj'stals on the side of the vessel. 

Hence it is always probable that the morphine will re: 
wholly or in part undissolved by the ether, and the alkalinBl 
fluid, after being extracted with ether, should be mixed witli 
potash to dissolve separated morphine, evaporated to remove 
ether still present, mixed with chloride of ammonium, and 
allowed to stand exposed to the air to allow the morphine 
crystallize. 

2. For the process given for the detection of non-volatile 
alkaloids, Otto substitutes the following : — 

Let the ethereal solution evaporate, dissolve the residuary 
impure alkaloid in a little water mixed with sulphuric acid, 
and shake the solution repeatedly with ether, which wUl re- 
move the foreign organic substances present, and leave the' 
acid sulphate of the alkaloid unaffected. Mix now the 
aqueous solution with carbonate of sodium in excess, shake 
repeatedly with ether (to dissolve the liberated alkaloids), and' 
let the ethereal solution evaporate, when the alkaloids held in 
solution by the ether will be left in a very pure state, and to a 
great extent in the crystalline form. 

3. But what Otto recommends most is the treatment (rf 
the alkaloid in the form of salt, with ether, before the addition 
of the carbonate of sodium. 

Shake the aqueous solution, which contains the tartrate o* 
oxalate of the alkaloid, with ether repeatedly, so long as ths 
ether becomes colored and yields a residue on evaporation* 
Then add the acid carbonate of sodium, shake with ether, and 
proceed as directed. Upon evaporating the ether, the alkaloid! 
is now left in a very pure state. 



JANSSEN3'S MODIFICATION OF STAS'S METHOD. 

Janssens says that Stas's process, even with Otto's modifi-^ 
cation, does not give the strychnine sufficiently pure, especially 
i^hen substances are present which are soluble in alcohol; 
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pater, ether, and dilute sulphuric acid. He recommends the 
Pollowiiig modification : — 

Havijig eshausted the matter with acidified alcohol, evapo- 
rated, taken up with alcohol, and evaporated to dryness, diasolve 
1 35 — 50 c.c. of water, and tlien add finely powdered acid car- 
Muate of sodium till the fluid is only acid througli carbonic acid. 
If any precipitate forms, filter it off immediately. The strychnine 
s dissolved in the cai'bonic acid, and docs not precipitate 

■ till the filtrate ia boiled and partially evaporated. When it has 
collected on a filter and washed, dissolve it in a small 

, quantity of very dilute sulphuric acid (1 of strong acid, 200 of 

■ Ttater), add carbonate of potassium in excess, shake repeatedly 
■irith six times the volume of ether, and allow the latter to 
■evaporate. 



METHOD OF L. v. USLAE AND J. EEDMANTS". 

This may be considered to be an improvement upon Stas's 
method as regards non-volatile alkaloids, especially morphine, 
while Stas's method deserves the preference for volatile alka- 
loids. This method ia the same in principle as Stas's with the 
exception that amyl alcohol is substituted for ether. 

Mix the matter with water, if necessary, to the consistence 
of a thin paste, acidify slightly with hydrochloric acid, digest 
for one or two hours at a temperature between 60° and 80°, 
and strain through linen moistened with water. Extract the 
residue with hot water acidified with hydrochloric acid, mix 
the two solutions, supersaturate with ammonia, and evaporate 
to dryness with addition of pure sand, which will enable you 
to i-educe the residue to powder. Boil the powder repeatedly 
with amyl alcohol, to extract the whole of the alkaloid from 
it, filtering the extracts hot. 

The filtrate, which is mostly colored yellow, holds, besides 
the alkaloid, fatty and coloring matters in solution. To 
Temove these latter, transfer to a cylinder, add ten volumes 
of almost boiling water, acidified with hydrochloric acid, and 
vigorously shake the mixture for some time. The hydrochlo- 
late of the alkaloid passes into the water, while the fatty and 
coloring matters remain dissolved in the amyl alcohol. Re- 
move the latter with a pipette, shake the acid solution re- 
^atedly with freah quantities of amyl alcohol, imtil the fatty 
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and coloring matters are coniplctely removed. Now com 
trate by evaporation, add aninionia in slight exeess, then 
hot aniyl alcohol, and shake vigorously. Allow to standi 
off the upper layer (the solution of the alkaloid in 
alcohol), and treat the residual fluid once more with hot am]d 
alcohol. Filially evaporate off the amyl aleohol on 
bath, when the alkaloid will generally be left sufficientl] 
pure. 

Should the residue, however, not he perfectly white, re- 
dissolve it in hydrochloric acid, shake the solution with amyl 
aleohol, draw off the latter, supersaturate with i 
shake again with amyl alcohol, then draw it off and evaporate 
on a water bath. Before proceeding to the decisive reaciioi% 
treat a portion of the alkaloid with a few drops of strong' 
sulphuric acid ; if a brown color is produced the purification' 
must be repeated. 

Uslar and Erdmann have isolated and detected by thii 
method very minute quantities of alkaloids, e. g., 5 mgrm. of 
hydrochlorate of morphine, 1 drop of nicotine, 9 mgrm, of 
strychnine, mixed with 3 or 3 pounds of contents of the 
stomach. Erdmann calls particular attention to the fact that 
he succeeded in separating strychnine and morphine from 
quite putrid intestines of poisoned animals twenty or thirty 
days after death. 

METHODS FOR DETECTING STETCKPflNE, DEPENDING 
ON THE USE OF CHLOROFORM. 

1. After Radgers and Girdwoad, 

Digest with dilute hydrochloric acid (1 of strong acid to 10 
of water), and filter. Evaporate the filtrate on the water-hatfc 
to dryness, extract the residue with spirit of wine, evaporate 
the solution, treat the residue with water, and filter. Supefi 
saturate the filtrate with ammonia ; add 10 c.c. of chloroform^ 
and shake. Transfer the chloroform to a dish with 
pipette, evaporate on the water-bath, moisten the residue with 
strong sulphuric acid to carbonize the foreign organic Bub> 
stances, treat with water after the lapse of several hours, audi 
filter. Supersaturate the filtrate again with ammonia, and shake 
it with about 3 c.c. of chloroform, Eepeat the some opei 
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ion Tintil the residue left on evaporatioa of the chloroform is 
lo longer blackened by sulphuric acid. Finally transfer the 
lure chloroform solution, drop by drop by means of a capillary 
tube to the same spot on a heated porcelain dish, letting it 
ivaporate, then test the residue with sulphuric acid and chro- 
mate of potassium. Rodgers and Girdwood succeeded in de- 
tecting by this method '03 mgrm. of strychnine. 

3. After ProUius. 

Boil twice with spirit of wine, mixed with some tartaric 
ftcid, evaporate at a gentle heat, filter the watery solution re- 
maining through a moistened filter, add ammonia in alight 
excess, then 1 c.c. of chloroform, shake, wash the chloroform 
thoroughly by decanting and shaking with water, then mix it 
with 3 parts of spirit of wine, and allow to evaporate. If 
there is any notable quantity of strychnine present, it will be 
obtained in crystals. 

3. After R. P. T/tomas. 

This method includes the detection of morphine. 

Acidify with pure acetic acid * slightly, and digest for 
several hours at a gentle beat, then strain, press, filter, add 
potash in good excess, and shake with chloroform. Separate 
the chloroform, wash it from potash, and evaporate ; the 
strychnine will be found in the residue. The morphine 
remains in the potash, and may be precipitated gradually by 
chloride of ammonium. 

METHOD OF DETECTING STETCHNTNE BY MEANS OF 
ANIMAL CHABCOAL. 

Graham and Hofmanu employed the following method for 
detecting strychnine in beer : — 

Shake 3 oz. of animal charcoal in half a gallon of the beer ; 
let the nuxture stand for 12 or 24 hours, with occasional 
shaking, filter, wash the charcoal twice with water, then boil 
for half an hour with 8 oz. of spirit of wine of 80 — 90 per 
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ceut., avoiding loss of alcohol by evaporation. Filter hot and 
distil the filtrate ; add a few drops of potash to the residuil 
watery fluid, shake with ether, and when the latter has sepa^ 
rated, decant it. Upon the spontaneous evaporation of the 
ether the alkaloid will be left sufficiently pure. 

Macadam employed the same method in bis numerous ex- 
perimenta to detect etrychoine in the bodies of dead animals. 
He treated the finely-divided matter with a dilute solution of 
osaUc acid in the cold, filtered through muslin, washed with 
water, heated to boiling, filtered still warm from the coagu. 
lated albuminous substances, shook with charcoal, and pro- 
ceeded in the manner first described. The residue left by the 
evaporation of the alcoholic solution was generally at oni 
to be tested for strychnine ; where it was not, the process of 
treating with oxahc acid, shaking with charcoal, &c., was 



SEPiRATIOH BY DIALYSIS. 

This process may be advantageously employed for the sepa* 
ration of crystallizabie alkaloids irom the contents of the 
stomach, &c. The matter should be acidified with hydrochloric 
acid before being dialyscd. The dialysate may be concentrated 
by evaporation, and the alkaloid precipitated, and, if necesaaiy. 
purified as before described. 
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ADDITIONS TO TABLE OF SOLUBILITY. 

Aluminium and ammotiium, sulphate. IV. 

Antimony, oxide. Soluble in hydrochloric acid, insoluble i 

nitric acid. 
Antimony, sulphide. Dissolved by first converting it into- 

oxide by heating with nitric acid, and then adding hydro 

chloric acid. 
Antimony and potassium, tartrate. fV. 
Bismuth, basic chloride, ji. 
Bismuth, basic nitrate. A. 
Cobalt, sulphide. Rather soluble in nitric acid, decompt 

vrith great difficulty by hydrochloric acid. 
Copper, basic acetate. Partially soluble in water, c 

soluble in acids. 
Copper, sulphide. Decomposed with difficulty by bydrochloric I' 

acid, readily by uitric acid. 
Lead, red oxide. Converted by hydrochloric acid into chlo- 
ride, by nitric acid into nitrate and insoluble biuoside. 
Manganese, peroxide. Readily soluble in hydrochloric acid, t 

insoluble in nitric acid. l 

Mercuric sulphide. Insoluble in hydrochloric and nitric acids I 

separately, soluble in aqua regia. I 

Nickel, sulphide. Rather soluble in nitric acid, decomposed 1 

with great difficulty by hydrochloric acid. 
Potassium, acid carbonate. fV. 
Potassium, bichromate. W. 
Potassium, acid oxalate. fV. 
Potassium, acid sulphate, m 
Potassium, acid tartrate. JV. 
Potassium and sodium, tartrate. fV. 
Sodium, biborate. W. 
Sodium, aeid carbonate. TV. 
Sodium and ammonium, phosphate. JV, 
Stannous and stannic sulphides. Dissolved by warm 1 

chloric acid, converted by nitric acid into insoluble stannic 

oxide. Sublimed stannic sulphide ia only dissolved by 

warm aqua regia. 
Zinc, sulphide. Readily soluble in nitric acid, rather i 

cultly soluble in hydrochloric acid. 
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Ruthenium .... 166 
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Silver 27 

Sodium ..... 68 

Strontium .... 59 

Strychnine .... 209 

Sulphuric add .... 91 
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Tables, analytical . . . 253 

Table of solubility . . . 260 | 
Tantalum. . . . .179 

Tartaric add .... 225 

Tellurium 161 ' 

Terbium 171 

ThaUium 151 
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Tin 35 

Titanium 177 

Tungsten 149 
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Vanadium .... 180 
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Yttbium 169 
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THE END. 
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